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ABSTRACT 


The  goal  of  this  thesis  is  to  replace  a  voltage-to-frequency  (V/f)  converter  in  the  given 
inductor-inductor-capacitor  (LLC)  converter  with  an  analog-to-digital  (A/D)  converter  to 
prevent  a  field-programmable  gate  array  (FPGA)  from  needing  to  monitor  signals 
continuously.  The  proposed  signal  and  sensor  design  alternative  is  to  use  A/D  converters 
for  the  voltage  and  the  battery  temperature  measurements,  and  to  send  only  one  gate 
signal  that  can  be  used  to  drive  both  MOSFETs  in  the  LLC  converter.  Two  candidates  are 
considered  for  the  A/D  converter.  The  first  solution  is  the  AD7792/7793  A/D  converter, 
which  can  monitor  both  the  voltage  and  the  temperature  simultaneously.  The 
AD7792/7793  transmits  one  data  signal  to  the  LPGA  and  receives  three  data  signals  from 
the  LPGA.  The  second  solution  is  the  ADS  1000,  which  uses  the  I  C  protocol  to 
communicate  with  the  LPGA.  The  ADS  1000  receives  the  read/write  command  and  clock 
data  from  the  LPGA  and  sends  converted  digital  data  to  the  LPGA.  Lor  efficient 
processing,  we  recommend  the  use  of  the  ADS  1000,  since  the  LPGA  and  the  A/D 
converter  have  bidirectional  communication  capabilities  and  the  AD7792/7793  requires 
more  optocouplers,  more  space,  and  more  wires  in  the  circuit. 
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EXECUTIVE  SUMMARY 


The  inductor-inductor-capacitor  (LLC)  converter  is  popular  for  DC  to  DC  power 
conversion.  Presently,  the  LLC  converter  uses  a  voltage-to-frequency  (V/f)  converter  to 
monitor  the  DC  output  battery  voltage  and  the  battery  temperature.  The  V/f  converter 
used  in  the  laboratory  is  the  LM231  [1].  The  V/f  converter  creates  a  square-wave  digital 
signal,  where  the  frequency  of  the  square-wave  is  proportional  to  the  input  DC  voltage. 
The  fact  that  the  V/f  converter  digital  signal  is  asynchronous  presents  a  problem  in  the 
implementation,  which  is  the  problem  this  thesis  addresses. 

Since  the  output  of  the  V/f  converter  is  an  asynchronous  digital  square-wave 
independent  of  all  system  clocks,  it  must  be  constantly  monitored  to  find  transitions  so 
that  the  frequency  can  be  measured.  This  process  is  very  time  consuming,  and  we 
propose  to  develop  a  field-programmable  gate  array  (FPGA)  implementation  so  that 
voltage  and  temperature  can  be  measured  in  real-time.  The  given  LLC  converter  is  shown 
in  Figure  1 . 


Figure  1 .  The  existing  LLC  converter  with  V/f  converters  used  for  data 

acquisition. 


XV 


The  goal  of  this  thesis  is  to  replaee  V/f  eonverters  in  the  given  circuit  with  an 
analog-to-digital  (A/D)  converter  to  prevent  the  FPGA  from  needing  to  monitor  signals 
continuously.  The  circuit  has  two  V/f  converters  to  monitor  both  the  voltage  and  the 
temperature.  The  proposed  signal  and  sensor  design  alternative  is  to  use  A/D  converters 
for  the  voltage  and  temperature  measurements.  The  control  signals  are  modified  to  send 
only  one  gate  signal  that  can  be  used  to  drive  both  MOSFETs  in  the  LLC  converter. 

Two  solutions  are  proposed  for  the  A/D  converter.  The  first  solution  is  based  on 
the  AD7792/7793  [2]  A/D  converter,  which  has  the  capability  of  monitoring  both  the 
voltage  and  the  temperature  simultaneously.  In  this  way  we  need  only  one  AD7792/7793, 
which  transmits  one  converted  digital  data  to  the  FPGA  and  receives  three  digital  data 
from  the  FPGA.  The  AD7792/7793  application  to  the  LLC  is  shown  in  Ligure  2. 


Ligure  2.  The  proposed  data  acquisition  architecture  using  the 
AD7792/7793  for  the  LLC  converter. 


The  second  solution  is  based  on  the  ADS  1000  [3],  which  communicates  with  the 
LPGA  by  an  Inter-Integrated  Circuit  (I^C)  interface.  The  ADS  1000  receives  the 
read/write  command  and  clock  data  from  the  LPGA  and  sends  a  converted  digital  data  to 
the  LPGA.  The  ADS  1000  application  to  the  LLC  is  shown  in  Ligure  2. 


XVI 


Figure  3.  The  proposed  data  aequisition  arehiteeture  using  the 
ADS  1000  for  the  LLC  eonverter. 


The  seeond  solution  has  the  advantage  of  being  more  effieient.  For  this  reason, 
and  based  on  our  results,  we  reeommend  the  use  of  the  ADS  1000  not  only  because  the 
FPGA  and  the  A/D  converter  have  bidirectional  communication  capabilities  but  also  in 
view  of  the  fact  that  the  AD7792/7793  requires  more  optocouplers  and  more  space  in  the 
circuit. 
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I.  INTRODUCTION 


A,  BACKGROUND 

In  the  past  twenty  years  power  electronic  converters  have  become  widespread 
beyond  the  traditional  industry  applications  such  as  motor  drives.  Since  power  converters 
have  become  the  enabling  technology  for  large  markets  such  as  consumer  electronics, 
automotive  and  renewable  energy  sources,  the  need  to  increase  their  power  density  and 
reliability  has  grown  together  with  the  requirement  of  lower  cost.  Integration  of  control 
and  sensing  functions  into  the  design  of  a  power  converter  reduces  cost  and  improves 
both  reliability  and  performance.  Microchip  Inc.  [1]  is  one  of  the  many  manufacturers 
that  have  made  a  significant  effort  to  add  these  features  to  their  products,  which  makes 
them  more  attractive  to  customers.  An  example  is  the  integration  of  digital  control 
techniques  into  the  power  system,  which  replaces  the  standard  analog  implementation. 
The  advantage  is  that  it  provides  efficient  management  of  functions  in  the  power  system. 
An  improved  signal  processing  architecture  to  control  an  inductor-inductor-capacitor 
(LLC)  power  converter  is  displayed  in  Figure  1. 


Boost  Convortof  Rtsonam  Convtntr  Synchronous  Rtctifier 
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According  to  its  website  [1],  the  Level  4  integration  goals  of  Mieroehip  are  stated 
as  follows:  “for  various  power  eonversion  and  power  control  applications,  they  offer 
higher  power  density,  lower  system  eosts,  improved  reliability,  and  lower  manufacturing 
and  maintenance  eosts”  [1]. 

It  turns  out  that  their  mieroproeessor  does  aehieve  these  goals;  however,  it  has  a 
number  of  redundant  funetions,  not  neeessary  in  many  applieations.  To  build  a  eireuit 
whieh  performs  a  speeific  funetion,  the  integration  of  control  and  sensing  functions 
should  be  part  of  the  power  eonverter’s  design. 

In  this  thesis,  sensor  integration  is  used  to  build  speeifie  functions  for  an  LLC 
power  eonverter  used  in  a  multi-eell  battery  charger  as  shown  in  Figure  2.  The  laboratory 
prototype  shown  in  the  photograph  was  implemented  on  a  custom  printed  eireuit  board 
(PCB)  using  eommercial-off-the-shelf  eomponents  to  minimize  the  cost  of  the  design. 
The  LLC  converter  was  designed  to  trickle  charge  individual  battery  eells  in  a  multi-cell 
battery  string  while  monitoring  each  cell’s  voltage  and  temperature.  The  goal  is  to 
equalize  the  battery  charging  level,  which  provides  inereased  reliability  and  total  stored 
eharge  for  the  battery  paek. 

The  battery  stack  setup  is  shown  in  Figure  3.  In  this  eireuit,  the  LLC  eonverter 
was  used  to  eharge  each  battery  so  that  they  are  all  eharged  to  the  same  level,  improving 
their  reliability.  The  bloek  diagram  of  the  given  LLC  converter’s  eontrol  eireuit  is  shown 
in  Figure  4. 


Figure  2.  An  LLC  eonverter  implemented  on  a  eustom  PCB  (from  [2], 

[3]). 
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'charge 


Figure  3. 


Multi-cell  battery  stack  setup  (from  [2],  [3]). 


Figure  4.  Block  diagram  of  the  existing  LLC  converter  with  V/f 

converters. 


In  the  existing  implementation,  two  voltage-to-frequency  (V/f)  converters 

(LM231  [4])  are  used  in  the  LLC  converter  to  measure  two  analog  signals  because  the 

V/f  converter  cannot  receive  two  signals  simultaneously.  The  V/f  converters  convert  the 

DC  output  battery  voltage  and  the  battery  temperature  to  digital  signals  and  transmit  them 
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to  a  field-programmable  gate  array  (FPGA).  The  FPGA  reads  those  digital  signals  from 
the  V/f  converters.  In  addition,  the  FPGA  controls  the  operation  of  the  whole  circuit  with 
three  signals,  which  are  Enable,  Gatel,  and  Gate2  as  shown  in  Figure  4. 

The  Half-Bridge  Driver  in  Figure  4,  (the  ADuM7234  [5]  chip),  is  for  turning  the 
Metal-oxide  Semiconductor  Field-effect  Transistors  (MOSFETs)  on  and  off  and  provides 
the  MOSEET  with  up  to  4.0  A  peak  current  and  enough  gate  voltage  to  keep  them  fully 
on.  The  MOSEETs  are  the  power  devices  in  the  EEC  converter  (blue  box  in  Eigure  4). 
Three  signals  are  sent  to  the  EEC  converter;  the  enable  signal  and  two  gate  drive  signals. 
The  enable  signal  makes  the  gate  signals  activate,  and  the  gate  signals  are  the  voltage 
signals  that  drive  the  power  switches  (MOSEETs).  The  control  signals  sent  by  the  FPGA 
are  isolated  from  the  EEC  converter  by  the  ADuM7234. 

An  optocoupler  (OPTO  in  Eigure  4)  is  used  for  feedback  from  the  EEC  converter 
to  provide  electrical  isolation  between  the  battery  stack  and  the  EPGA.  The  temperature 
sensor  does  not  need  an  optocoupler  since  it  has  self-isolation  because  it  is  a  plastic 
packaged  sensor.  Six  EEC  converters  control  the  six  cells  in  the  battery  stack  as  shown  in 
Eigure  5.  Each  has  a  twelve  pin  interface  to  the  main  control  board,  resulting  in  a  large 
number  of  wires  as  can  be  noticed  in  Eigure  5. 


Eigure  5.  This  photograph  shows  that  many  wires  are  needed  to 
interface  the  six  EEC  converters  (red  arrow)  to  the  EPGA  controller. 
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In  the  conversion  of  voltage-to-frequency,  the  digital  signal  of  the  V/f  converter  is 
asynchronous  and  presents  a  problem  in  the  implementation.  Since  the  output  of  the  V/f 
converter  is  an  asynchronous  digital  square-wave  independent  of  all  system  clocks,  it 
must  be  constantly  monitored  to  find  digital  signal  transitions  so  that  the  frequency  can 
be  measured.  This  process  is  very  time  consuming,  and  alternative  solutions  are 
discussed.  The  sensor  circuitry  for  the  LLC  converter,  as  currently  implemented,  is 
shown  in  Figure  6. 
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Figure  6.  Sensor  circuitry  (from  [6]). 


The  frequency  is  determined  by  properly  sampling  the  voltage  and  temperature 
signals  and  is  processed  in  the  FPGA.  The  flow  chart  of  the  software  which  is  used  in  the 
LLC  power  converter  is  shown  in  Figure  7.  The  frequency  is  computed  by  the  edge 
detector  which  creates  rising  edge  signals  and  makes  the  clock  cycles  decide  the  signal 
period.  This  period  is  the  V/f  signal  period  and  is  saved  in  the  FPGA  [6]. 
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Figure  7.  V/f  converter  software  algorithm  (from  [6]). 


B.  OBJECTIVES 

The  goal  of  this  thesis  is  to  replace  the  two  V/f  converters  shown  in  Figure  4  with 
a  two-channel  analog-to-digital  (A/D)  converter  in  the  given  LLC  power  converter 
circuit.  This  can  eliminate  the  need  for  the  FPGA  to  monitor  signals  continuously,  thus 
reducing  its  signal  processing  burden.  This  reduces  the  size  and  cost  of  the  FPGA 
compared  to  the  existing  implementation.  Two  candidate  A/D  converter  solutions  are 
investigated  in  this  thesis. 

C.  APPROACH 

By  replacing  the  two  V/f  converters  with  an  A/D  converter,  we  can  eliminate  the 
need  for  the  FPGA  to  monitor  the  signals  continuously.  The  proposed  signal  and  sensor 
design  alternative  is  to  use  A/D  converters  for  the  voltage  and  the  temperature 
measurements  and  to  send  only  one  gate  signal  that  can  be  used  to  drive  both  MOSFETs 
in  the  LLC  converter.  When  the  gate  signal  is  idle,  the  converter  is  disabled,  which  also 
eliminates  the  need  for  a  separate  enable  signal. 
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This  interface  requires  one  control  signal  and  one  or  three  data  signals  for  the  A/D 
converter,  depending  on  which  A/D  converter  is  chosen.  One  advantage  is  that  the  A/D 
can  be  queried  by  the  FPGA  anytime.  In  addition,  A/D  converters  have  multi-input 
channel  capability;  therefore,  the  given  circuit  needs  only  one  A/D  converter  to  measure 
both  the  voltage  and  the  temperature.  This  is  an  improvement  with  respect  to  the  existing 
V/f  converters,  which  must  be  monitored  continuously  so  that  the  frequency  can  be 
detected  from  the  voltage  transitions. 

D,  THESIS  ORGANIZATION 

Chapter  II  includes  the  LLC  topology  to  help  explain  the  circuit  operation,  and  a 
general  A/D  converter  explanation  to  provide  the  basic  concept  of  an  A/D  converter. 
Detailed  explanations  of  two  candidate  A/D  converters  are  included  in  Chapter  III,  in 
addition  to  the  results  and  the  experimental  analysis  of  the  A/D  7792/7793  converter. 
Conclusions  and  recommendations  are  presented  in  Chapter  IV. 
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II.  THE  LLC  TOPOLOGY  AND  A/D  CONVERTER  THEORY  OF 

OPERATION 

An  LLC  converter  is  a  solid  state  switching  power  converter,  which  is  generally 
used  for  “higher  efficiency,  higher  power  density,  and  higher  component  density”  [7]. 
The  LLC  converter  behaves  like  an  ideal  current  source  and  reduees  the  stress  and  loss  of 
the  solid  state  switching  devices  beeause  of  its  resonant  operation  [8]. 

Two  continuous  analog  signals,  the  battery  voltage  and  the  temperature,  need  to 
be  converted  to  digital  signals  to  control  the  power  converter.  An  A/D  converter  is  a 
device  for  sampling  and  eonverting  a  eontinuous  analog  voltage  to  a  discrete-time  digital 
signal.  The  LLC  topology  is  explained  in  section  A  to  help  understand  the  circuit 
operation.  A  general  A/D  eonverter  explanation  is  given  in  section  B  to  provide  the  basic 
concept  of  an  A/D  eonverter. 

A,  LLC  TOPOLOGY 

The  LLC  power  converter  topology,  whieh  is  shown  in  Figure  8,  is  used  in  a 
battery  charger  because  it  behaves  like  an  ideal  current  source.  The  LLC  converter  also 
reduees  the  losses  of  the  MOSFET  power  devices  because  it  operates  in  a  resonant  mode 
so  that  the  devices  can  be  turned  on  and  off  when  zero  current  is  flowing  in  the  deviees. 
An  LLC  tank  is  made  of  two  induetors  and  a  eapacitor  on  the  primary  side  of  the 
transformer,  as  shown  in  Figure  8.  If  it  did  not  have  the  magnetization  braneh  of  the 
transformer  ,  it  would  be  identieal  to  a  series-loaded  resonant  (SLR)  eonverter  [8]. 

The  primary  side  of  this  cireuit  could  be  a  half-bridge  or  a  full  bridge.  A  half¬ 
bridge  is  used  presently  and  ineludes  two  MOSFET  switehes  ( Qi  and  Q2  )  'va.di  switehing 
bridge  to  exeite  the  EEC  tank;  a  full  bridge  has  four.  The  seeondary  side  is  a  center 
tapped  rectifier  after  a  eapacitive  filter.  The  resonant  components  ,  and  are 

the  passive  elements  in  this  cireuit  where  is  a  resonant  induetance,  is  the 
magnetizing  induetanee  and  is  the  resonant  capacitor  [8]. 
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Figure  8.  The  LLC  eonverter  (after  [8]). 


This  power  eonverter  works  with  various  frequeneies.  It  is  very  important  to 
eontrol  the  switehing  frequency  in  the  power  converter  because  its  efficiency  is  related  to 
the  switching  frequency. 

In  the  circuit  shown  in  Figure  8,  “there  are  two  resonant  frequencies,  one 
determined  by  and  ,  the  other  determined  by  ,  L^.  and  “  [8].  The  two 
resonant  frequencies  can  be  calculated  as  [8] 


(1) 


and 


(2) 


The  simulated  waveform  of  the  LLC  converter  is  shown  in  Figure  9.  This  power 
converter  works  at  a  switching  frequency  between  the  resonant  frequencies  defined  in  (1) 
and  (2).  The  voltage  is  the  voltage  applied  to  the  resonant  converter  (shown  in  Figure 

9)  using  the  DC  source  as  shown  in  Figure  8.  The  variables  I _L^  and  I are 
the  currents  in  the  inductors  and  shown  in  Figure  8.  The  current  is  the  output 
current  on  the  secondary  side  of  the  transformer  and  Vf  is  the  transformer  primary 

voltage.  The  whole  operation  can  be  analyzed  by  breaking  it  down  into  three  different 
modes  as  explained  in  the  next  three  subsections  [8]. 
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Figure  9. 
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Simulated  waveform  of  the  LLC  converter  (from  [8]). 


1,  Mode  1  (to  to  t;) 

This  mode  initiates  attg.  At  this  moment,  the  switch  Q2  is  turned  off,  and  the 
I _Li.  flows  to  the  left  in  Figure  10,  which  is  a  negative  current  in  Figure  9.  This 


negative  I flows  to  the  body  diode  of  Qy  ,  which  provides  a  zero-voltage  switching 


(ZVS)  condition  for  Qy .  When  the  I _L,.  flows  through  the  body  diode  of  Qy ,  the  I _L^ 
increases  and  makes  the  secondary  diode  Dy  conduct  and  increases,  as  shown  in 
Figures  9  and  10.  At  this  moment,  the  transformer  sees  the  output  voltage,  which  is  the 
voltage  across  C^,  the  output  capacitor  of  the  secondary  side,  as  shown  in  Figure  8.  The 
inductor  is  driven  with  a  constant  voltage  source  during  this  mode  [8]. 
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The  LLC  converter  operation  mode  1  (from  [8]). 
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Figure  10. 


2.  Mode  2  (t;  to  t2) 

The  resonant  current  I  L^.  flows  to  the  right  as  shown  in  Figure  11  during  this 
mode  of  operation.  The  current  is  positive  in  ,  as  shown  in  Figure  9,  after  t\  and 
before  ^2  •  This  is  the  beginning  of  mode  2.  The  current  I _L^  flows  through  the 
MOSFET  Qi  body  diode  during  mode  1.  The  current  becomes  positive  and  then 
decreases  in  the  MOSFET  during  mode  2.  During  mode  2,  the  output  rectifier  diode  Z)j 
conducts,  and  the  transformer  secondary  voltage  is  fixed  at  the  output  voltage  .  The 
magnetizing  inductor  is  linearly  charged  by  the  output  voltage,  so  it  does  not 
participate  in  the  resonant  action  during  this  period.  In  mode  2,  the  circuit  works  like  a 
series-resonant  converter  (SRC)  with  L^.  and  as  the  resonant  components  at  the 

frequency  in  (1).  This  mode  ends  when  the  I _L^  is  the  same  asl .  The  output 
current  reaches  zero  at  the  end  of  this  mode  [8]. 


3.  Mode  3  (t2  to  t^) 

The  circuit  operation  in  mode  3  is  shown  in  figure  12.  The  resonant  current 
I _L^  is  the  same  as  the  I and  reaches  zero  att2  ,  as  shown  in  figure  9.  Both 
the  output  rectifier  diodes  Z)j  and  D2  of  the  secondary  circuit  are  reverse  biased,  and  the 


12 


transformer’s  secondary  voltage  is  lower  than  the  ,  as  shown  in  Figure  9.  In  this  mode, 
the  output  is  decoupled  from  the  transformer.  Thus,  the  output  is  not  connected  to  the 
primary,  and  participates  in  the  resonant  oscillations  as  defined  in  (2).  The 

magnetizing  inductance  forms  a  resonant  tank  in  series  with  L^.  and  .  This  mode 
ends  when  Qi  is  turned  off  As  can  be  seen  from  the  waveform  in  Figure  9,  Qi  turns  off 
its  current  att3;  this  current  is  small  compared  with  the  peak  current,  which  reduces  the 
switching  losses  [8].  The  next  half  cycle  of  operation  is  the  same  as  analyzed  above 
where  modes  1  through  3  repeat  [8]. 


+ 
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n 

Figure  12.  The  LLC  converter  in  operation  mode  3  (from  [8]). 


B,  A/D  CONVERTER  DESCRIPTION 

An  A/D  converter  is  a  device  for  sampling  and  converting  a  continuous  analog 
voltage  to  a  discrete  time  digital  signal.  At  each  sample,  the  relation  between  the  analog 
voltage  and  its  numerical  representation  is  given  by  [9] 

V.  -V.  V. 

r(V)  =  2”-G — ^  =  (3) 

V  r  -V  r  V , 

ref  +  ref  -  ref 

where  y  is  the  digital  code  of  output  in  volts  (V),  n  is  the  number  of  output  bits,  G  is 
the  gain  factor,  is  the  reference  voltage  and  is  the  input  signal  to  the  A/D 
converter.  Figure  13  is  a  block  diagram  of  a  typical  A/D  converter  circuit. 
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Figure  13.  A  typical  A/D  converter  block  diagram  (from  [9]). 

Two  pins  are  used  for  and  signal  inputs,  and  the  A/D  converter 

reference  voltage  is  provided  with  internal  or  external  power.  The  accuracy  of  the 
converted  value  is  determined  by  the  reference  voltage,  which  should  be  constant  and  not 
sensitive  to  temperature  changes.  The  ideal  transfer  function  of  a  3 -bit  A/D  converter  is 
displayed  in  Figure  14.  In  this  example,  the  A/D  converter  uses  eight  different  digital 
output  codes  to  represent  the  analog  input  voltage.  The  largest  number  from  the  A/D 

converter  is  [N  - 1)  /  A ,  where  N  is  the  number  of  digital  output  codes.  In  the  case  of  the 

3-bit  A/D  converter,  the  largest  number  is  7/8,  since  the  number  of  bits  is  three  [9].  The 
smallest  value  represented  by  the  output  is  zero. 
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Figure  14.  Transfer  function  of  a  general  3-bit  A/D  converter  (after  [9]). 
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Many  factors  affect  the  capability  of  an  A/D  converter  and  are  described  in 
reference  [9].  In  this  thesis,  two  A/D  eonverters  are  studied  as  possible  solutions  to 
replace  the  V/f  converters  for  this  data  aequisition  problem.  Both  A/D  converters  have 
similar  functions,  however,  they  have  different  interfaces  and  different  eommunication 
protoeols.  Charaeteristies  of  the  two  candidate  A/D  converters  and  some  measured  test 
data  are  presented  in  the  next  chapter  to  find  a  viable  solution  for  our  data  aequisition 
arehitecture. 
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III.  A/D  CONVERTERS  FOR  IMPROVED  DATA  ACQUISITION 


The  data  acquisition  system  is  required  to  measure  two  voltages,  the  battery 
voltage  and  the  temperature  sensor  voltage,  and  report  this  data  to  the  FPGA.  Two 
possible  solutions  for  data  acquisition  are  explained  in  this  chapter. 

A.  AD7792/7793  A/D  CONVERTER  DESCRIPTION 

The  first  proposed  solution  is  based  on  the  AD7792/7793  A/D  converter  that  has 
“low  power,  low  noise,  and  complete  analog  front-ends  for  high  precision  measurement 
applications”  [10].  This  chip  contains  a  “16/24  bit  analog-to-digital  (ADC),  a  low 
noise  instrumentation  amplifier,  an  internal  clock,  and  a  low  noise,  low  drift  internal  band 
gap  reference”  [10].  This  chip  can  work  with  an  external  clock.  The  functional  block 
diagram  of  the  AD7792/7793  is  shown  in  Figure  15  [10]. 


GND  AVdd  REFIN(+)/AIN3(+)  REFINH/AIN3(-) 


1,  The  AD7792/7793  Theory  of  Operation 

The  AD7792/7793  has  the  capability  of  measuring  three  channel  inputs 
simultaneously,  including  ±  analog  input  1,  ±  analog  input  2,  and  ±  reference  input  (or  ± 
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analog  input  3).  The  serial  clock  (SCLK)  is  the  serial  clock  input  that  is  the  clock  signal 
for  the  data  transfer  to  and  from  the  ADC.  The  serial  clock  has  a  Schmitt  triggered  input 
that  provides  a  suitable  interface  with  the  OPTO  isolation.  The  clock  signal  (CLK), 
shown  in  Figure  16,  is  the  clock  in/out  trigger  that  drives  the  ADC  from  a  common  clock 
and  achieves  simultaneous  conversions.  The  signal  CS  is  the  chip  select  input  for  the 
interface  that  activates  the  ADC  and  can  be  used  to  select  the  SCLK,  data  input  (DIN), 
and  data  output  (DOUT).  The  internal  output  1  (lOUTl)  and  IOUT2  are  the  outputs  of 
the  internal  excitation  current  source  and  are  not  used  for  this  application.  The  AVdd  is 
the  supply  voltage  from  2.7  V  to  5.25  V.  The  DVdd  is  the  digital  interface  supply  voltage 
and  is  used  by  the  serial  interface  pins.  The  DVdd  is  independent  of  the  AVdd  [10]. 

The  data  out  and  ready  (DOUT/RDY)  pin  shown  in  Figure  16  is  the  serial  data 
output  and  data  ready  output,  which  functions  not  only  as  the  serial  data  output  pin  to 
access  the  ADC  output  but  also  as  the  data  ready  pin  to  report  conversion  completion.  For 
example,  the  pin  stays  high  if  the  data  is  not  read  after  the  conversion,  which  indicates 
that  data  is  ready  to  be  read.  The  DIN  is  the  serial  data  input  and  controls  the  register 
selection  bits  to  identify  proper  register  settings.  The  pin  configuration  of  the 
AD7792/7793  is  shown  in  Figure  16  [10]. 
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Figure  16.  The  AD7792/7793  converter  pin  configuration  (from  [10]). 
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2,  Experimental  Observations 

In  this  thesis,  a  demonstration  board  was  used  to  evaluate  the  AD7792/7793 
converter  operation.  The  demonstration  board  used,  the  EVAL-AD7792,  is  powered  by  a 
5  V  power  supply  through  a  USB  connection  from  a  computer.  This  USB  connection 
facilitates  the  communication  between  the  computer  and  the  board.  The  AD7792/7793 
demonstration  board  is  shown  in  Figure  17.  Analog  input  signals  from  a  signal  generator 
were  connected  to  the  right  side  of  the  pin  pairs  that  are  marked  AIN1(+)  and  AINl(-),  as 
displayed  in  Figure  18.  The  left  side  of  the  pin  pairs  is  ground.  The  output  signals  (DIN, 
DOUT/RDY,  CS,  and  SCFK)  were  connected  to  an  oscilloscope  to  monitor  the  signals, 
as  displayed  in  Figure  19  [11]. 


Figure  17.  The  AD7792/7793  demonstration  board. 


Figure  18.  The  AD7792/7793  demonstration  board  analog  input  pin 

connection. 
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Figure  19.  The  AD7792/7793  demonstration  board  digital  output  pin 

connection. 


The  AD7792/7793  emulation  software  tool  graphical  user  interface  is  shown  in 
Figure  20.  Using  this  software  tool,  we  can  measure  the  input  signals  with  various  update 
rates,  gains,  and  number  of  samples.  Internal  and  external  clock  settings  can  be  used  [11]. 
The  software  tool  displays  a  converted  signal  with  the  voltage  plotted  versus  the  samples, 
which  can  be  easily  converted  to  the  time-domain  because  the  sample  rate  is  known. 
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Figure  20.  The  AD7792/7793  converter  emulation  software  tool 

graphical  user  interface. 
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To  operate  the  demonstration  board,  an  input  channel  must  be  selected  using  the 
software  tool.  Although  the  AD7792/7793  has  a  simultaneous  measurement  capability  of 
all  three  inputs,  the  demonstration  board  cannot  monitor  all  three  signals  simultaneously, 
so  it  must  measure  them  one-by-one;  thus,  the  multi-input  measurement  is  not  shown  and 
is  not  required  for  this  application. 

3.  Analysis  of  the  Experimentation  Results 

The  measured  waveform  picture  that  was  exported  from  the  software  tool  is 
shown  in  Figure  21.  The  AD7792/7793  accepts  bipolar  signals  or  unipolar  signals;  since 
the  target  application  is  a  unipolar  signal  the  results  shown  here  are  unipolar  [10].  The 
input  signal  is  DC  with  a  superimposed  AC  oscillation  as  expected  for  this  application. 


Samples 

Figure  21 .  The  exported  waveform  from  the  software  tool. 

The  y-axis  indicates  the  voltage  of  the  input  signal,  and  the  x-axis  is  the  sample 
number.  Neither  the  y-axis  nor  the  x-axis  can  be  modified  in  the  software  tool,  but  the 
user  can  see  the  binary-coded  numbers  in  the  software  tool  when  this  setting  is  selected. 
The  offset  binary  output  of  the  A/D  converter  goes  from  00000000  for  a  negative  full- 
scale  input  to  11111111  for  a  positive  full-scale  input,  and  zero  volts  is  represented  by 
10000000  [10].  An  applied  signal  from  a  signal  generator  is  10  Hz  with  0.56  Vpp  added  to 
0.746  Vdc  offset.  The  input  signal  waveform  which  appears  on  the  oscilloscope  is  shown 
in  Figure  22.  The  mean  value,  the  peak-to-peak  voltage  and  the  frequency  of  the 

waveform  were  measured  by  the  oscilloscope,  and  the  measurements  appear  in  Figure  22. 
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Figure  22.  The  input  signal  measured  on  an  oscilloseope. 

For  the  example  shown  here  the  sample  rate  is  470  Hz  and  the  gain  is  one,  whieh 
is  set  by  the  software  tool.  It  should  be  noted  that  the  sample  rate  of  the  A/D  converter  is 
referred  to  as  the  “update  rate”  in  Figure  20.  One  hundred  samples  are  recorded  by  the 
computer.  In  this  example,  the  software  tool  displays  two  cycles  of  the  signal  with  100 
samples.  Since  the  frequency  is  10  Hz  and  the  period  is  100  ms,  the  duration  of  two 
cycles  is  200  ms.  The  exported  data  is  plotted  by  Matlab  to  generate  a  graph  with  time  on 
the  x-axis  as  shown  in  Figure  23. 
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Matlab  graph  from  exported  data. 
22 


Figure  23. 


The  next  analysis  shows  the  behavior  of  the  A/D  converter  when  the  input  signal 
exceeds  the  allowable  voltage  constraints.  The  results  also  show  that  the  A/D  converter 
can  process  bipolar  inputs  even  though  the  A/D  converter  is  powered  by  a  unipolar 
supply  voltage.  The  bipolar  input  capability  demonstration  is  not  needed  for  this 
application. 

The  maximum  output  of  this  demonstration  board  is  constrained  to  +/-  1.17  V  by 
the  internal  reference  voltage;  thus,  in  this  example,  the  input  signal  is  over  1.17  V,  and 
the  output  data  is  saturated  at  +/-  1.17  V  (Figures  24  and  25).  To  show  this  saturation,  a 
signal  at  10  Hz  and  2.8  Vpp  with  no  offset  voltage  was  used.  The  input  signal  waveform  is 
a  bipolar  signal  feeding  the  A/D  converter  even  though  a  unipolar  power  supply  of  5  Vdc 
was  used  for  the  A/D  converter.  The  bipolar  input  is  allowed  because  the  AIN-  is  biased 
by  an  internal  supply  of  1.17  Vdc-  For  an  external  reference,  the  maximum  output  data 
can  be  up  to  +/-  2.5  V;  however,  an  experiment  with  an  external  reference  was  not 
executed. 


Samples 

Figure  24.  Example  of  saturation  of  10  Hz,  2.8  Vpp  input  signal. 
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Figure  25.  Matlab  graph  of  10  FIz,  2.8  Vpp  output  data  with  no  DC 

offset. 

The  AD7792/7793  has  both  a  single  and  eontinuous  conversion  mode;  however, 
only  the  continuous  conversion  mode,  which  is  appropriate  to  accommodate  the 
continuous  sampling  requirement  of  the  LLC  converter,  was  used.  There  are  four  signals 
that  must  be  checked  with  the  AD7792/7793  converter:  CS,  DIN,  DOUT/RDY,  and 
SCLK.  The  CS  chooses  the  device,  SCLK  determines  the  serial  clock  input  for  the  device 
and  controls  each  data  transfer.  The  DIN  is  used  for  the  data  transfer  to  the  on-chip 
registers,  and  the  DOUT/RDY  provides  an  access  to  the  on-chip  registers  containing  the 
converted  signal  data.  These  four  output  signals  from  experimental  measurements  are 
shown  in  Figure  26. 


Digital  output  signals  (CH1:DIN,  CH2:  DOUT,  CH3:  CLK, 
CH4:CS). 
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Figure  26. 


An  example  of  the  expected  waveforms  is  shown  in  Figure  27,  which  was  taken 
from  the  AD7792/7793  datasheet.  Similar  signal  patterns  are  displayed  in  Figures  26  and 
27. 


^  ms  'Y  ^  »»« 


\ _ \ _ 


Figure  27.  Output  signals  from  the  datasheet  (from  [10]). 


In  Figure  26,  the  green  line  that  displays  the  CS  goes  low,  and  the  yellow  line  that 
displays  the  DfN  has  two  signal  pulses.  The  data  DfN  is  compared  with  the  purple  line 
(the  SCLK)  that  presents  the  binary  numbers.  The  data  DfN  is  valid  on  the  rising  edges  of 
SCLK.  In  Figure  28,  which  zooms  in  on  the  DIN  signal,  the  yellow  line  represents 
01011000  [10].  This  number  represents  58  hex,  which  is  shown  in  Figure  27  for  the  DIN 
signal.  From  the  AD7792/7793  datasheet,  this  means  that  the  A/D  converter  is  exiting  the 
continuous  read  mode  of  operation. 


Figure  28.  DIN  exiting  the  continuous  read  command  (the  yellow  line) 
(CHliDIN  (01011000),  CH2:  DOUT,  CH3:  CLK,  CH4:CS). 
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The  output  data  activity  on  the  DOUT/RDY  signal  is  shown  in  Figure  29.  When 
the  DIN  line  goes  low,  the  DOUT/RDY  signal,  which  is  displayed  as  the  blue  line  in 
Figure  29,  transmits  the  data.  The  activity  on  the  DOUT/RDY  signal  in  Figure  29  shows 
the  data  representing  one  sample  event.  The  oscilloscope  was  AC  coupled  in  Figure  29 
for  channel  1  so  it  does  not  display  zero  volts  for  channel  1 . 


Figure  29.  DOUT(the  blue  line)  transmitting  data  (CHI  ;DIN,  CH2: 

DOUT,  CHS:  CLK,  CH4:CS). 


In  this  experimental  result,  the  update  rate  was  set  to  470  Hz  with  the  software 
tool,  as  previously  shown  in  Figure  19.  Using  the  software  tool,  the  update  rate  was 
selected  from  the  range  4.17  to  470.  It  is  seen  in  Figure  30  that  the  period  of  data  activity 
is  2.13  ms,  which  is  1/470.  The  two  vertical  lines  in  Figure  30  show  the  period  of  the  data 
activity  on  the  communication  lines,  and  the  distance  between  the  markers  for  the  two 
lines  are  2.13  ms.  It  is  shown  in  Figure  30  that  the  data  is  transmitted  at  470  Hz  by  the 
activity  of  the  DOUT/RDY,  which  is  channel  2  in  Figure  30. 
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Figure  30.  An  example  of  the  sample  rate  (CHliDIN,  CH2;  DOUT, 

CHS;  CLK,  CH4:CS). 


4,  AD7792/7793  Application  to  the  LLC  Converter 

Since  the  A/D  converter  is  a  two-channel  A/D  converter  and  has  the  capability  to 
monitor  both  the  voltage  and  the  temperature  signals  simultaneously,  the  LLC  circuit  data 
acquisition  system  needs  only  one  A/D  converter.  The  FPGA  does  not  need  the  software 
to  monitor  both  the  voltage  and  the  temperature  signal;  however,  the  FPGA  is  required  to 
monitor  one  converted  digital  data  from  the  A/D  converter,  DOUT/RDY.  The  FPGA 
receives  one  signal  (DOUT)  and  sends  three  signals  (CS,  SCLK,  and  DIN)  to  the 
A/D7792/7793  converter.  The  LLC  converter  circuit  needs  four  optocouplers  to  isolate 
the  signals  from  the  battery.  A  proposed  data  acquisition  architecture  using  the 
AD7792/7793  for  the  LLC  circuit  is  shown  in  Figure  31  where  four  optocouplers  are 
used. 
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Figure  3 1 .  Proposed  data  aequisition  architecture  using  the 
AD7792/7793  for  the  LLC  circuit. 


B.  ADS  1000  A/D  CONVERTER  EXAMINATION 

The  second  solution  considered  for  the  data  acquisition  system  is  based  on  the 
ADS  1000  A/D  converter  that  uses  the  Inter-Integrated  Circuit  (I  C)  compatible  serial 
interface.  The  ADS  1000  is  designed  for  applications  including  voltage  monitors,  battery 
management,  and  temperature  measurement.  This  chip  includes  an  A/D  converter,  the  I  C 
interface,  the  programmable  gain  amplifier  (PGA),  and  the  clock  oscillator.  The  PGA 
offers  voltage  gains  up  to  eight,  and  amplifies  small  signals  to  measure  them  more 
precisely.  The  ADSlOOO’s  functional  block  diagram  is  shown  in  Figure  32  [12]. 


^DD 


Figure  32.  The  ADSIOOO  functional  block  diagram  (from  [12]). 
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The  ADS  1000  can  be  applied  to  the  LLC  converter  for  a  precise  measurement 
result  and  an  easy  circuit  design  solution  with  less  effort  and  time.  The  ADS  1000  chip 
configuration  is  shown  in  Figure  33  [12], 
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Figure  33.  The  ADSIOOO  pin  configuration  (from  [12]). 


1.  Operation  Mode 

The  ADSIOOO  has  two  operation  modes:  continuous  and  single  conversion  mode. 
In  this  thesis,  only  the  continuous  conversion  mode  is  studied  for  the  two  A/D  converters 
needed.  The  ADSIOOO  continuously  converts  the  input  analog  signal  to  a  digital  signal. 
When  the  conversion  is  finished,  the  final  data  is  transferred  to  the  output  register  by  the 
ADSIOOO,  and  the  chip  starts  another  conversion  immediately  after  the  transfer.  Bit  7  in 
the  configuration  register  is  “1”  for  continuous  conversion  mode  [12]. 

2,  I^C  Interface 

The  ADSIOOO  uses  an  1  C  bus  interface  for  communication  between  a  master 
device  and  slaves.  The  communication  in  the  1  C  is  always  formed  between  two  devices, 
usually  a  master  and  a  slave.  In  this  communication,  both  the  master  and  slave  can  read 

or  write;  however,  only  the  slave  can  communicate  with  the  master.  The  ADSIOOO  is  just 
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a  slave  device.  The  I  C  interface  has  a  two-wire  connection,  including  a  bidirectional 
serial  data  line  (SDA)  and  a  serial  clock  line  (SCL).  The  SDA  carries  data,  and  the  SCL 
is  clock  information.  The  I  C  uses  groups  of  eight  bits  to  transmit  the  data.  The  SDA  can 
be  used  to  both  transmit  data  and  receive  data.  When  a  master  receives  data  from  a  slave, 
the  slave  uses  the  data  line;  when  a  master  transmits  a  data  to  a  slave,  the  master  uses  the 
SDA.  Only  the  master  drives  the  SCL.  Because  the  ADS  1000  is  a  slave,  the  SCL  is 
always  an  input  to  the  ADS  1000  [12]. 

During  no  communication,  both  the  SDA  and  the  SCL  lines  are  high  and  the 
communication  is  idle.  To  begin  a  communication,  the  master  causes  a  start  condition  for 
communications  when  the  SCL  is  low.  The  start  condition  is  indicated  by  the  SCL  being 
high  and  the  SDA  changing  from  high  to  low.  A  stop  condition  is  indicated  by  the  SCL 
being  high  and  the  SDA  changing  from  low  to  high.  After  the  start  condition,  the  master 
sends  the  address  byte,  which  identifies  the  slave  it  wants  to  communicate  with.  It  also 
sends  the  slave  the  read/write  bit  together. 

Data  of  the  I  C  bus  always  includes  an  acknowledge  bit  in  the  transmitted  byte. 
After  a  master  sends  a  byte  to  a  slave,  the  master  stops  driving  the  SDA  and  waits  for  the 
slave’s  recognition.  If  the  slave  recognizes  the  acknowledge  bit,  it  pulls  the  SDA  to  low. 
In  the  situation  of  non-acknowledge,  the  slave  leaves  the  SDA  high  during  acknowledge 
cycle,  and  the  master  sends  the  stop  condition  to  finish  communication.  A  timing  diagram 
of  ADS  1000  is  shown  in  Figure  34,  and  the  parameters  for  this  diagram  are  shown  in 
Table  1  [12]. 
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Figure  34.  The  rC  timing  diagram  (from  [12]). 
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Table  1.  The  I  C  timing  diagram  definitions  (from  [12]). 


FAST  MODE 

HIGH-SPEED  MODE 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNITS 

SCLK  Operating  Frequency 

f(SCLK) 

0.4 

3.4 

MHz 

Bus  Free  Time  Between  STOP  and  START 
Condition 

Vbur 

600 

160 

ns 

Hold  Time  After  Repeated  START  Condition. 
After  this  period,  the  first  clock  is  generated. 

f(HDSTA) 

600 

160 

ns 

Repeated  START  Condition  Setup  Time 

t(SUSTA) 

600 

160 

ns 

STOP  Condition  Setup  Time 

^SUSTO) 

600 

160 

ns 

Data  Hold  Time 

t{HDDAT) 

0 

0 

ns 

Data  Setup  Time 

t(SUDAT) 

100 

10 

ns 

SCLK  Clock  Low  Period 

t(LOW) 

1300 

160 

ns 

SCLK  Clock  High  Period 

VllGH) 

600 

60 

ns 

ClocIc'Data  Fall  Time 

If 

300 

1 60 

ns 

Clock/Data  Rise  Time 

300 

1 60 

ns 

3,  Reading  from  the  ADSIOOO 

The  output  register  and  data  of  the  configuration  register  can  be  read  at  some 
designated  point  from  the  ADSIOOO.  The  ADSIOOO  uses  three  bytes  for  reading  the 
address.  The  first  two  are  used  for  the  output  register  data,  and  the  last  byte  of  the  three 
bytes  is  used  for  the  configuration  register  data.  It  is  not  necessary  for  all  three  bytes  to  be 
read;  only  two  bytes  of  the  output  register  need  to  be  read.  Reading  more  than  three  bytes 
is  meaningless.  A  reading  timing  diagram  for  the  ADSIOOO  is  shown  in  Figure  35  [12]. 
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Figure  35. 


Reading  timing  diagram  for  the  ADSIOOO  (from  [12]). 
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4,  Writing  to  the  ADSIOOO 

When  addressing  the  ADSIOOO  to  write,  new  data  can  be  written  to  the 
configuration  register.  Writing  more  than  one  byte  is  meaningless,  since  the  ADSIOOO 
neglects  bytes  after  one  byte  and  only  recognizes  the  first  byte.  The  writing  timing 
diagram  for  the  ASDIOOO  is  shown  in  Figure  36  [12]. 
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Figure  36.  Writing  timing  diagram  for  the  ASDIOOO  (from  [12]). 


5,  Basic  Concept  of  the  ADSIOOO  Application 

The  ADSIOOO  application  contains  fully  differential  voltage  inputs  andF]„_, 
where  both  must  be  positive.  A  typical  connection  of  the  ADSIOOO  is  shown  in  Figure 
37.  Any  type  of  microcontroller  or  microprocessor  can  be  connected  directly  to  the 
ADSIOOO.  In  any  case,  ADSIOOO  will  not  act  as  a  master,  so  it  never  drives  the  SCL  low. 
Using  pull-up  resistors  for  both  the  SDA  and  the  SCL  is  very  important  since  the  I  C 
interface  has  an  open  drain  feature  to  support  multiple  devices.  High  valued  resistors 
offer  less  consumption  of  power;  but  cause  a  time  delay  on  the  bus  and  limit  the  bus 
speed.  Low  valued  resistors  offer  a  higher  bus  speed  with  more  power  consumption  [12]. 
Since  our  data  acquisition  system  is  slow,  the  response  does  not  need  to  be  fast  and  larger 
pull-up  resistors  can  be  used. 
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Positive  Input  Negative  Input 

(OV  to  5V)  (OV  to  5V) 


Figure  37.  Example  of  the  typical  connection  for  the  ASDIOOO  (from 

[12]). 

Only  single-ended  inputs  are  used  because  our  data  acquisition  system  has  two 
single-ended  signals  to  be  measured.  Even  though  the  ADS  1000  has  a  fully  differential 
input,  it  can  measure  single-ended  signals  also.  Voltage  and  temperature  inputs  are 
connected  to  pin  1,  and  the  ground  is  connected  to  pin  2  as  shown  in  Eigure  38.  Negative 
voltage  cannot  be  connected  to  the  inputs  since  the  ADS  1000  only  accepts  positive 
voltage.  The  single-ended  connection  is  shown  in  Eigure  38  [12]. 
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Eigure  38.  Example  of  single-ended  input  connection  for  the  ASDIOOO 

(from  [12]). 
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6. 


ADSIOOO  Application  to  the  LLC  Converter 


A  proposed  data  acquisition  architecture  using  the  ADSIOOO  for  the  LLC 
converter  is  shown  in  Figure  39.  It  can  be  noted  that  there  are  two  analog  input  signals 
into  the  A/D  converter  shown  in  Figure  39.  One  analog  signal  goes  to  each  ADSIOOO.  In 
the  current  example,  the  FPGA  is  a  master  and  the  ADSIOOO  is  a  slave.  The  FPGA  is  a 
microcontroller  that  has  the  capability  of  the  I  C  communication.  When  the  FPGA 
receives  the  voltage  and  temperature  data  from  the  ADSIOOO,  the  ADSIOOO  uses  the  #1 
SDA  line  in  Figure  39.  When  the  FPGA  transmits  read/write  data  to  the  ADSIOOO,  the 
FPGA  uses  the  #2  SDA  line  in  Figure  38.  Only  the  FPGA  uses  the  #  3  SCL  line  in  Figure 
39.  The  ADSIOOO  never  uses  the  SCL,  since  it  cannot  be  a  master.  The  SCL  is  always  an 
input  to  the  ADSIOOO  from  the  FPGA. 


Figure  39.  Proposed  data  acquisition  architecture  using  the  ADS  1 000 

for  the  LLC  converter. 


The  FPGA  causes  the  start  condition  for  the  communication  when  the  SCL  is  low. 
After  the  start  condition,  the  FPGA  sends  the  read/write  bit  to  the  ADSIOOO.  After  the 
FPGA  sends  a  byte  to  the  ADSIOOO,  the  FPGA  stops  driving  the  SDA  and  waits  for  the 
ADS  1 000 ’s  recognition.  If  the  ADSIOOO  recognizes  the  acknowledge  bit,  it  pulls  the 
SDA  low.  In  the  situation  of  non-acknowledge,  the  ADSIOOO  leaves  the  SDA  high 
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during  the  acknowledge  cycle.  The  FPGA  sends  the  stop  condition  to  finish 
communication. 

The  FPGA  transmits  a  command  byte  to  the  ADS  1000  as  a  master.  In  the 
example  of  the  ADS  1000,  even  though  it  has  the  capability  of  bidirectional  SDA 
communication,  the  circuit  requires  three  optocouplers  because  it  has  a  unidirectional 
communication  (as  shown  in  Figure  39).  The  ADS1112  is  a  dual  channel  A/D  converter 
that  operates  just  like  the  ADS  1000  and  works  for  two  analog  inputs,  but  the  analysis 
presented  in  this  thesis  focuses  on  the  operation  of  the  ADS  1000  that  has  only  one  input 
channel.  Two  ADS  1000  A/D  converters  can  be  used  or  just  one  ADS1112  for  this  data 
acquisition  system. 

This  study  shows  that  when  using  A/D  converters,  the  FPGA  computational 
burden  is  greatly  reduced  compared  to  using  two  V/f  converters.  When  using  V/f 
converters,  the  FPGA  receives  converted  digital  signals  and  monitors  them  continuously 
since  the  V/f  converters  are  asynchronous.  On  the  other  hand,  with  A/D  converters  the 
FPGA  receives  the  information  periodically,  thus  it  does  not  have  to  work  as  much. 

In  conclusion,  both  A/D  converters  are  viable  solutions  to  reduce  the  FPGA 
computational  load  in  comparison  to  the  V/f  solution  used  in  the  existing  LLC  converter. 
However,  the  ADS  1000  is  a  preferred  solution  not  only  because  the  FPGA  and  the  A/D 
converter  have  bidirectional  communication  capabilities  but  also  in  view  of  the  fact  that 
the  ADS  1000  requires  fewer  optocouplers  and  fewer  pin  connections  than  the 
AD7792/7793.  In  addition,  in  case  the  LLC  converter  needs  better  functions,  the  I  C  bus 
interface,  which  is  applied  to  the  ADS  1000,  offers  more  flexibility  without  adding  more 
A/D  converters. 
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IV.  CONCLUSIONS  AND  RECOMMENDATIONS 


In  the  existing  data  aequisition  arehitecture,  the  output  of  the  V/f  eonverters  are 
asynchronous  digital  square-waves  independent  of  all  system  clocks  and  must  be 
constantly  monitored  to  find  the  transitions  so  that  the  frequency  can  be  measured.  This 
process  is  very  time  consuming,  and  we  propose  to  replace  it  on  an  FPGA  with  a  fixed 
frequency  sampling  system  using  A/D  converters  so  that  voltage  and  temperature  can  be 
measured  in  real-time  more  easily.  The  asynchronous  and  continuous  monitoring 
problems  are  easily  solved  with  an  A/D  converter. 

The  FPGA  transmits  one  signal  to  the  ADS  1000  converter  at  a  given  time.  The 
FPGA  transmits  three  digital  signals  to  the  AD7792/7793  A/D  converter  at  a  given  time. 
From  the  experiment  conducted,  it  was  found  that  a  sampling  time  of  10  Hz  is  sufficient 
to  monitor  these  signals  for  the  target  application  circuit. 

For  efficient  processing,  we  recommend  the  use  of  the  ADS  1000  since  the  FPGA 
and  the  A/D  converter  have  bidirectional  communication  capabilities.  Furthermore,  the 
ADS  1000  requires  less  optocouplers,  less  space  and  fewer  wires  than  the  AD7792/7793 
in  the  LLC  circuit.  In  addition,  I  C  bus  interface,  which  is  applied  to  the  ADS  1000,  offers 
more  extensibility  to  the  LLC  converter  without  connection  waste. 

A  viable  alternative  data  acquisition  strategy  that  has  fewer  interconnections  and 
reduces  the  processing  burden  on  the  FPGA  by  making  the  signals  synchronous  was 
identified  in  this  thesis. 

The  given  multi-cell  charger  has  12-pin  interfaces  between  the  LLC  converters 
and  the  FPGA  as  was  mentioned  in  Chapter  LB.  Though  this  charger  works  well  at  this 
time,  if  many  batteries  (i.e.,  20  or  30)  must  be  charged,  it  could  become  a  serious 
problem  to  interconnect  everything.  Increased  number  of  batteries  means  more  cables.  If 
the  circuit  has  20  batteries,  the  circuit  needs  240  cables;  thus,  future  work  should  focus 
on  reducing  the  number  of  cables,  which  was  not  accomplished  in  this  thesis.  This  thesis 
proposes  a  solution  to  improve  the  hardware  design  of  the  LLC  converter.  Future  work 
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should  investigate  the  software  for  communieation  between  an  A/D  converter  and  the 
FPGA. 
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APPENDIX  A.  AD7792/7793  DATASHEET 


□  ANALOG 
DEVICES 


3-Channel,  Low  Noise,  Low  Power,  16-/24-Bit 
I-A  ADC  with  On-Chip  In-Amp  and  Reference 


AD7792/AD7793 


FEATURES 

Up  to  23  bits  effective  resolution 

RMSneise 

40nV$4,17Hz 

8S  nV$16.7Hz 

Current:  400  pA  typicel 

Power-down;  1  pA  maximum 

Low  r\oise  programmable  gain  instrumentation  amp 
Band  gap  reference  with  4  ppm/‘C  drift  typical 
Update  rate:  4.17  Hz  to  470  Hz 
3  differential  inputs 
Internal  dock  oscillator 
Simultaneous  50  Hz/60  Hz  rejection 
Programmable  current  scMirces 
On-chip  bias  voltage  generator 
Burnout  currents 
Power  supply:  2.7  V  to  5.25  V 
-dOX  to  r105*C  temperature  range 
Independent  interface  power  supply 
16-lead  TSSOP  package 
Interface 
3-wire  serial 

SPl',  QSPI'*,  MICROWIRE'*,  and  DSP  compatible 
Schmitt  trigger  on  SCLK 

APPLICATIONS 

Thermocouple  measurements 
RTD  measurements 
Thermistor  measurements 
Gas  analysis 

Industrial  process  control 
Instrumentation 
Portable  instrumentation 
Blood  analysis 
Smart  trammitters 
Uquid/gas  chromatography 
6>di9it  DVM 


FUNCTIONAL  BLOCK  DIAGRAM 


1. 


GENERAL  DESCRIPTION 

Tlic  AD7792/AD7793  arc  lew  power,  low  noise,  complete 
analog  front  euJs  lor  high  precision  meaMU’cmenI  applic3lR>n». 
Tlie  AD7792/A177793  coiUain  a  low  nowe  16-/24  hit  t  A  ADC 
willi  three  dilferential  analog  inputs.  The  on  chtp.  low  noise 
instmmentalion  amphtler  means  litat  signals  ol  small  ampli 
titde  can  he  intcrUced  dimctl)'  to  the  ADC.  With  a  gam 
sethngot  64,  tile  rms  noue  is  40  nV  when  the  update  rate 
equals  4.17  Hz. 

The  devices  contain  a  precision  low  noise,  low  drift  internAl 
band  gap  rcfcrrnce  and  can  accept  an  exlemiU  dilfcreiitiB) 
reference.  Ofiter  on-cJiip  features  include  progranimahte 
excitation  current  sources,  humout  curreois.  and  a  f>ia.s  voltage 
generator,  flic  bias  wltagc  generator  sets  the  common-mcidc 
voltage  ol  a  channel  to  AV'ci:*/2. 

Hic  devices  cun  be  operated  with  either  the  iDternal  dock  or  an 
external  dock.  The  output  data  rate  trom  the  pans  is  software 
piogrammable  andean  be  varied  trom  4.1 7  )izio470  Mz, 

The  parts  operate  with  a  power  supply  trom  2.7  V  to  5  J5  V. 
TItc>'  consume  a  current  ol  400  gA  npicnl  and  are  housed  in  a 
1 6- lead  TSSOP  package. 


R«v.B 

Wrwwyitan  (unwtMl  by  StflOag  Omm»  It  btti»wd  bi  b*  mJ  wtilih  Hiw>it  ne 

ri^<nXa»dpf»emM|rn»iiltopittw  ttMijfcMPbttaipcUaitTy«<houint*o»Nft 
fcobtn»wyaf^byw)»temw>ar«aawwiMw4MbivpHir«aip<Wi«w^>Uciaiufagt>iwb>- 
a<n— pwcYwitfwbinilMicwwbit- 


Orw  T«<hrK>legy  W*y.  P.O.  Box  9106.  Norwood.  MA  0206Z-91d6.  U.S.A 
T«l- 781  329.4700  w>i«w.analoQ  com 

Foie  781461.3119  v  2004-3007  Analog  Dotricos,  Inc.  All  light*  rosorvod. 
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IMPORTANT  LINKS  for  the  AD7792  7793* 

Last  content  update  12/19/24113  ptn 


DOCUMENTATION 

IKS-S18  AD7792/AD7793  Key  Sheet  |  AD7792/AD7793  Condensed  Rev 

AN-968:  Current  Sources;  Options  and  Circuits 

AN-880:  ADC  Requirements  for  Temperature  Measurement  Systems 

AN-607:  Selecting  a  Low  liandwi dih  (Less  than  1 5  kSPS)  Sigma-Delta 
ADC 

AN-61  S:  Peak-to-Peak  Resolution  Versus  Effective  Resolution 
AN-101:  Cross  Plot  Generator  Allows  Quick  A/D  Converter  Evaluation 

AN-397:  Electrically  Induced  Damageto  Standard  Linear  Integrated 
Circuits 

AN- 347:  Shielding  and  Guarding 

AN- 202:  An  IC  Amplifier  User's  Guideto  Decoupling  Grounding^  and 
MakingThings  Go  Right  for  a  Change 

AN- 388:  Using  Sigma-Delta  Converters-Part  1 

AN- 389:  Using  Sigma-Delta  Converters-Part  2 

AN- 283:  Sigma-Delta  ADCs  andDACs 

MS-2210:  Designing  Power  Supplies  for  Highspeed  ADC 

Delta-Sigma  Rocks  RF,  As  ADC  Designers  Jump  OnJitter 

Seewhat40yearsof  data  acquisition  expertise  can  do  for  your 
instrumentation  designs, 

iCsfor  Programmable  Logic  Control  and  Distributed  Control  Systems 
FAQs  for  the  AD779x family, 

FOR  THE  AD7793  ONLY 


SIMILAR  PRODUCTS  &  PARAMETRIC  SELECTION  TABLES 

Find  Similar  Products  13y  Operating  Parameters 
Sigma  Delta  ADCs  (Less  than  15  kSPS) 

Product  Recommendation  sand  Companion  Products 


DESIGN  TOOLS,  MODELS,  DRIVERS  &  SOFTWARE 

Sigma-Delta  ADC  Tutorial 

Digital  Filter  Model  Spreadsheets 

AD7792  -  Microcontroller  No-OS  Driver 

AD7793  -  Microcontroller  No-OS  Driver 

AD7793  no  Low  Power  Sigma-Delta  ADC  Linux  Driver  (W'iki  Site) 


EVALUATION  KITS  &  SYMBOLS  &  FOOTPRINTS 

View  the  Evaluation  ISoards  and  Kits  page  for  the  AD7792 
Viewthe  Evaluation  Boards  and  Kits  page  for  the  AD7793 
Symbol  s  and  Footprints  for  the  AD7792 
Symbol  s  and  Footprints  for  the  AD77923 


CN-0326:  Isolated  Low  Power  pH  Monitor  with  Temperature 
Compensation 

CN-01 72:  High  Accuracy  Multichannel  Thermocouple  Measurement 
Solution 

CN-0206:  Corr^lete  Type  T  Thermocouple  Measurement  System  with 
CoIdJunction  Lompensation 

CN-0067;  Fully  Isolated  Input  Module  Based  onthe  AD7793  24- Bit 
Sigma-Delta  ADC  the  ADuM5401  Digital  Isolator,  and  a  High 
Performance  I  rvAmp 

CN-0066:  Fully  Isol  ated  I  nput  Module  Based  on  the  AD7793  24-Bit 
Sigma-Delta  ADC  and  the  ADuM5401  Digital  Isolator 

lKa-1 81 :  PLC  Demo  System  User  Guide 

PLC  Evaluation  Board  Simplifies  Design  of  Industrial  Process  Control 
Systems 

Simplifying  Design  of  Industrial  Process-Control  Sysiemswith  PLC 
Evaluation  BoarcJs  (Part  1  of2) 

Simplifying  Design  of  Industrial  Process-Control  Systems  with  PLC 
Evaluation  Boards  (Part  2  of  2) 


DESIGN  SUPPORT 

Submit  your  support  request  here: 
Linearand  Data  Converters 
Embedded  Processing  and  PSP 


Telephone 

Americas: 

Europe: 

China; 

India; 

Russia: 


our  Customer  Interaction  Centerstoll  free: 
1-300-262-5643 
00800-266-322-32 
4006-100-006 
1806419-0103 
3-300-555^5-90 


Quality  aniARgliability 

LeadfPb)-Free  Data 


SAMPLE  &  BUY 
AD  779  2 
AD7793 


DESIGN  COLLABORATION  COMMUNITY 


■  View  Priced  Packaging 

■  Request  Evaluation  Board 

•  Request  Samples  Check  Inventory^  Purchase 


engineer§P]sS!S,„ 

Collaborate  Online  with  the  ADI  support  team  and  other  designers 
about  select  ADI  products. 


Find  Local  Distributors 


□ 


ANALOG 

DEVICES 


*  ThUpagdwuidyouiDicaiy-gsner^T^  byAi^ab-g  Det'icdi.  Irtc.ard  in^^rted  into thU data 
Not$:Liynaniicchan-9a»toth»cont$ntonthi»  page  ;lab$led  Important Linlc»1doe» not 
con»titut9a  change  to  the  ret'Uion  number  of  the  product  datasheet. 

ThU  content  may  be  frequently' modified. 
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AD7792/A07793 


SPECIFICATIONS 


AVjo  -  2-7  V  lo  SJiS  V;  DVrc  -  2.7  V  lo  5.25  V;  CND  *  0  V;  all  i^pecilicotion*  TMrw  ly  unless  otherwise  noted. 
Table  I. 


Parameter 

A07792B/A07793B" 

Unit 

Test  Conditions/Comments 

ADC  CHANNEL 

Output  Update  Rate 

4.1 7  to  4  70 

Hznom 

No  AAlssmg  Codes- 

24 

Bits  min 

fsci  <  242  Hz.  AD7793 

16 

Bits  min 

AD7792 

Resol  ui  too 

ieeOutput  Nose  and  Resolution  Specifications 

Output  Noise  and  Update  Rates 

Integral  Nonlineaniy 

±15 

ppmof  FSR  max 

See  Output  Noise  and  Resolution  Specfficat  ions 

Offset  Error 

±1 

pVtyp 

Offset  Error  Drift  vs.  Temper ature"* 

±10 

nV/^C  typ 

Full-Scale  Error*  * 

±10 

pVtyp 

Gam  Drift  vs.  Temperature'* 

±1 

ppm/X  typ 

Gain  s  1  to  16i  external  reference 

±3 

ppmAC  typ 

Gain  =  32  to  128.  external  reference 

Power  Supply  Rejection 

100 

dB  min 

AIN  =  1  V/galn.  gain  i  4,  external  reference 

ANALOG  INPUTS 

Differential  Input  Voltage  Ranges 

iVit.'  /Gam 

Vnom 

Viifr  *  REFINfa-)  REFIN(  >or  internal  reference; 
gains  1  to  128 

Absolute  AIN  Voltage  Limits- 

Unbuffered  Mode 

GND-30  mV 

Vmin 

Gains  1  or  2 

AVi-+30mV 

V  max 

Buffered  Mode 

GND+  100  mV 

V  min 

Gain=  1  or  2 

AV,y,-100mV 

V  max 

ln>Amp  Active 

GND  +  300  mV 

V  oxn 

Gains  4  to  128 

AVlo  - 1.1 

V  max 

ComrrK3n-Mode  Voltage  Vi>* 

Analog  Input  Current 

05 

Vmm 

V.»=  (AINt+)+  AIN(-)>/2,  gam  =4  to  128 

Buffered  Mode  or  In-Amp  Active 

Average  Input  Currem- 

±l 

nA  max 

Gain  s  1  or  2.  update  rate  <  1 00  Hz 

±250 

pAmax 

Gain  s  4  to  1 28  update  rate  <  1 00  Hz 

Average  Input  Currem  Drift 
Unbuffered  Mode 

±2 

pA/'Ctyp 

Gain  =  1  or  2. 

Average  Input  Current 

±400 

nA/V  typ 

Input  currertf  varies  with  Input  voltage 

Average  Input  Current  Drift 

±50 

pAflirC  typ 

Normal  Mode  Rejection- 

Internal  Clock 

^  50  Hz.  60  Hz 

65 

dBmin 

SOdBtyp.SOt  1  Hz.  60  ±  1  Hz.  FS[3r0]  =  1010' 

tt'  50  Hz 

SO 

dBmin 

90  dB  typ  50  ±  1  Hz.  FSBiOl  =  1001' 

'4^60  Hz 

External  Clock 

90 

dBmin 

100dB!yp.60±l  Hz.  FSlSrOl  =  100(7' 

)t  50  Hz.  60  Hz 

SO 

dBmin 

90  dB  typ  50±  1  Hz,  60 1 1  Hz.  FSPfl]  =  1010' 

«  50  Hz 

94 

dBmin 

100  dB  typ  50  *  1  Hz.  FSt3;0]  =  1001' 

')b60Hz 

90 

dBmin 

100  dB  typ.  60  ±  1  Hz.  FSr3:01  =  1000' 

Common-Mode  Rejection 

^DC 

100 

dBmin 

AIN  =  1  V/gain,  gain  a  4 

@  SO  Hz.  60  Hz* 

100 

dBmin 

50±1  Hl.60*  1  Hz.  FSP.-Ql*  101(7 

*50  Hz.  60  HZ' 

100 

dBmin 

50±1  Hz  (FSt3--0]»  10017.601 1  Hz 

IFS[3:01  =  10007 

{t»V  lllPai>e3nt  il 
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AD7792/AD7793 


Parameter 

AD7792B/AD7793B’ 

Unit 

Test  Conditions/Comments 

REFERENCE 

Internal  Reference 

Internal  Reference  Initial  Accuracy 

1.17  +  0.01% 

V  min/max 

AVdd  =  4V,Ta  =  25“C 

Internal  Reference  Drifts 

4 

ppm/°C  typ 

15 

ppm/“C  max 

Power  Supply  Rejection 

External  Reference 

35 

dBtyp 

External  REFIN  Voltage 

2.5 

V  nom 

REFIN  =  R£FIN(+)-REFIN(-) 

Reference  Voltage  Range^ 

0.1 

V  min 

AVdd 

V  max 

When  Vref  =  AVdd,  the  differential  input  must  be 
limited  to  0.9  x  Vref  /gain  ifthe  in-amp  is  active 

Absolute  REFIN  Voltage  Limits^ 

GND-30mV 

V  min 

AVDD+30mV 

V  max 

Average  Reference  Input  Current 

400 

nA/V  typ 

Average  Reference  Input  Current 

Drift 

±0.03 

nA/V/°C  typ 

Normal  Mode  Rejection 

Same  as  for  analog  inputs 

Common-Mode  Rejection 

100 

dBtyp 

EXCITATION  CURREm" SOURCES 

(IEXC1  and  IEXC2) 

Output  Current 

10/210/1000 

pA  nom 

Initial  Tolerance  at  25'’C 

±5 

%typ 

Drift 

200 

ppm/'C  typ 

Current  Matching 

+0.5 

%typ 

Matching  between  lEXCl  and  IEXC2;  Vout  =  0  V 

Drift  Matching 

50 

ppmAC  typ 

Line  Regulation  (Vdd) 

2 

%/Vtyp 

AVdd=5V+5% 

Load  Regulation 

0.2 

%/V  typ 

Output  Compliance 

AVdd  -  0.65 

V  max 

1 0  pA  or  21 0  pA  currents  selected 

AVdd-  1.1 

V  max 

1  mA  currents  selected 

GND-30mV 

V  min 

TEMPERATURE  SENSOR 

Accuracy 

Sensitivity 

±2 

0.81 

°Ctyp 
mV/°C  typ 

Applies  if  user  calibrates  the  temperature 
sensor 

BIAS  VOLTAGE  GENERATOR 

Vbias 

AVdd/2 

V  nom 

Vbias  Generator  Start-Up  Time 

See  Figure  10 

ms/nFtyp 

Dependent  on  the  capacitance  on  the  AIN  pin 

INTERNAL/EXTERNAL  CLOCK 

Internal  Clock 

Frequency^ 

64  ±3% 

kHz  min/max 

Duty  Cycle 

External  Clock 

50:50 

%  typ 

Frequency 

64 

kHz  nom 

A  128  kHz  external  clock  can  be  used  ifthe 

divide-by-2  function  is  used 
(BitCLKl  =CLK0=1) 

Duty  Cycle 

45:55  to  55:45 

%typ 

Applies  for  external  64  kHz  clock;  a  1 28  kHz 
clock  can  have  a  less  stringent  duty  cycle 

LOGIC  INPUTS 

ViNL,  Input  Low  Voltage 

0.3 

V  max 

DVdd  =  5  V 

0.4 

V  max 

DVdd  =  3  V 

ViNH,  Input  High  Voltage 

2.0 

V  min 

DVDD  =  3Vor5V 

Rev.  B  I  Page  4  of  32 
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AD7792/A07793 


P«rainet«r 

AD7792B/AD7793B' 

Unit 

Test  Conditions/Comments 

SCLK.  CLK.  and  DIN  (Schmrtt- 

Triggered  Input)- 
Vi{+) 

1.4/2 

V  min/V  max 

D\fct/*5V 

v.(-) 

O.B/1.7 

V  min/V  max 

DVfcn^sSV 

V.(+)-V(-) 

0.IA).17 

V  min/V  max 

Dlfcu  =  SV 

Vt(+) 

0.9/2 

V  mln/Vmax 

D\tt*3V 

V:(-) 

0i4/1.35 

V  min/V  max 

DVbi;...3V 

Vl(+)  -  V  (-) 

0.06/0.13 

V  min/V  max 

DVl.r,  =  3V 

Input  Currents 

±10 

pA  max 

Vn^DVorOr  6ND 

input  Capacitance 

to 

pFiyp 

All  digital  irvputs 

LOGIC  OUTPt/rS  (INCLUDING  CLK) 

ViTK  Output  High  Voltage- 

Dv-.r  aa 

V  min 

DVj[.  =  3V,lw>u  =  100pA 

Voi,  Output  Low  Voltage' 

0.4 

V  max 

DVbi'  =  3  V.  l-rtrr  =  100  pA 

Voi.  Output  High  Voltage- 

4 

V  mm 

DVL.n  =  5V.la»J«l  =  200pA 

Vou  Output  Low  Voltage 

0.4 

V  max 

DVoo  =  S  V,  l-wr  =  1.6  mA  (DOUT/RDY)/800  p  A 
(CLK) 

Fk>dt<ng*State  Leakage  Current 

±10 

pAmax 

Floating-State  Output  Capacitance 

10 

pFtyp 

Data  Output  Coding 

Offset  binary 

SYSTEM  CALIBRATION 

Full-Scale  Calibration  Limit 

+1.05  xFS 

Vmax 

Zero-ScaieCalibratiorr  Limit 

1.05  xFS 

V  min 

Input  Span 

0.8  xFS 

Vmir> 

J.lxFS 

V  max 

POWER  REQUIREMENTS’ 

Power  Supply  Voltage 

AVw  tnGND 

2.7/5.25 

V  nxn/max 

DV^iloGND 

2.7/5.25 

V  rntn/max 

Power  Supply  Currents 

i&T'  Current 

140 

pA  max 

1 1 0  p  A  typ  AVr/<j  =  3  V,  1 25  pA  typ  ^  AVr*  =  5  V, 
unbuffe^  mode,  external  reference 

IBS 

pA  max 

130pAiyp  j£  AVpc'=^3V,  165  pAtypji  AVt.<.  =  5V. 
buffered  mode  gain  =  1  or  2,  external  reference 

400 

pA  max 

300  M  A  lyp  it'  AVno  =  3  V,  350  p  A  typ  ■-?>  AVnti  a  5  V. 
gain  «  4  to  1 28.  external  reference 

SCO 

pA  max 

400  p  A  typ  ijft  AVu'^ «  3  V,  450  p  A  typ  AVi;.  i  =  5  V, 
gain  s4  to  128.  internal  reference 

(no  (Power-Oown  Mode) 

! 

pA  max 

fcmp«fanjrrrani^ot5  -4OTHo*10S’C  Aith*  14.6^1/ wd  WJH/upd4K‘»i«ri  ihtINL,  power  «;^}p(y  rc^ecKoti  (P^  common  modere^rion(f>AR).  a>d  normal 
inodert;t«t(ion(NMIVik>no( mmnheda(d\l>eetfpe(lfK:aifonjftlirvol(aQcontl>eAIN(*)of  AIN(  -)pjmi')ti:red AVc<>  *  )6Vryp4c4lly.V^mihKvoif<tcMr»ycs(ceedod. 
dw  tNL  f(T  i'iidrnpti!i  Isivduccd  lo  ISppin  of  FS  typically  (hcPSRiirvdiKC’d  lo69  dBlyptcJly  Therutari’.  lor  aiMriVilml  pulomiancv  at  Ihrsv  iipdali*  rahrik  lh» 
dbKilulv  voliaqv  0(1  riic  aodloa  Input  pinsnnrdslobehifluw  AVro  t•^V‘ 

’  Sp4Mi(ioiUai  «s  (lol  productiext  inted.  but  is  supported  by  ebarac  tenzadort  data  at  biltlal  product  rdean*. 

^FoHowInrjacaitbratjoik  HiK  error  is  In  die  order  of  the  noise  lor  iheprogtammedqoln  and  update  rateteleaed 
'*  Ri<al)lvanon  at  any  rempHaiure  removes  lliese  errors. 

'■Ful-scale  error  applies  to  bodi  pooiiveand  negative  luU-scaleand  applies  anhetacloryi'allhrartonasr>dltion%tAVm- 9  V,  oam  «  t.  In  s 
*  FSfJ:0)  are  itie  lout  tM(%  used  in  the  mode  regfsiet  tn  ceiert  Hie  output  word  rate 
Dlgliaimpdtseriual  toPVLi.-or  CiNOwItliexdUtionajrrenHatid  but  voltage  o>H>ofaiot  disabled. 
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TIMING  CHARACTERISTICS 

AVdd  =  2.7  V  to  5.25  V.  DVdd  =  2.7  V  to  5.25  V,  GND  =  0  V,  Input  Logic  0  =  0  V,  Input  Logic  1  =  DVdd.  unless  otherwise  noted. 


Table  2. 


Parameter^' ^ 

Limit  at  Tmin,Tmax(B  Version) 

Unit 

Conditions/Comments 

ts 

100 

ns  min 

SCLK  high  pulse  width 

t4 

100 

ns  min 

SCLK  low  pulse  width 

Read  Operation 

ti 

0 

ns  min 

CS  falling  edge  to  DOUT/RDY  active  time 

60 

ns  max 

DVdd  =  4.75  V  to  5.25  V 

80 

ns  max 

DVdd=  2.7  V  to  3.6  V 

0 

ns  min 

SCLK  active  edge  to  data  valid  delay"’ 

60 

ns  max 

DVdd  =  4.75  V  to  5.25  V 

SO 

ns  max 

DVdd  =  2.7  V  to  3.6  V 

ts^'® 

10 

ns  min 

Bus  relinquish  time  after  CS  inactive  edge 

80 

ns  max 

te 

0 

ns  min 

SCLK  inactive  edge  to  CS  inactive  edge 

ty 

10 

ns  min 

SCLK  inactive  edge  to  DOUT/RDY  high 

Write  Operation 

te 

0 

ns  min 

CS  falling  edge  to  SCLK  active  edge  setup  time** 

t9 

30 

ns  min 

Data  valid  to  SCLK  edge  setup  time 

tio 

25 

ns  min 

Data  valid  to  SCLK  edge  hold  time 

t11 

0 

ns  min 

CS  rising  edge  to  SCLK  edge  hold  time 

'  Sample  tested  during  initial  release  to  ensure  compliance.  All  input  signals  are  specified  with  tR  =  tr  =  5  ns  (10%  to  90%  of  DVdo)  and  timed  from  a  voltage  level  of  1.6  V. 

^  See  Figure  3  and  Figure  4. 

^  These  numbers  are  measured  with  the  load  circuit  shown  in  Figure  2  and  defined  as  the  time  required  for  the  output  to  ctoss  the  Voior  Voh  limits. 

“  SCLK  active  edge  is  falling  edge  of  SCLK, 

^  These  numbers  are  derived  from  the  measured  time  taken  by  the  data  output  to  change  0.5  Vwhen  loaded  with  die  circuit  shown  in  Figure  2.  The  measured  number 
is  then  extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  that  the  times  quoted  in  the  timing  characteristics  are  the 
true  bus  relinquish  times  of  the  part  and,  as  such,  are  independent  of  external  bus  loading  capacitances.  _ 

^  RDY  returns  high  after  a  read  of  the  ADC  In  single  conversion  mode  and  continuous  conversion  mode,  the  same  data  can  be  read  again,  if  required,  while  RDYis  high, 
although  care  should  be  taken  to  ensure  that  subsequent  reads  do  not  occur  close  to  the  next  output  update.  In  continuous  read  mode,  the  digital  word  can  be  read 
only  once. 


Figure  2.  Load  Circuit  for  Timing  Characterization 
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ABSOLUTE  MAXIMUM  RATINGS 

Ta  =  25^0,  unless  otherwise  noted. 

Table  3. 


Parameter 

Ratings 

AVdd  to  GND 

-0.3  V  to +7  V 

DVoDto  GND 

-0.3  V  to +7  V 

Analog  Input  Voltage  to  GND 

-0.3  V  to  AVdd  +  0.3  V 

Reference  InputVoltageto  GND 

-0.3  V  to  AVdd  +  0.3  V 

Digital  Input  Voltage  to  GND 

-0.3  V  to  DVdd  +  0.3V 

Digital  Output  Voltageto  GND 

-0.3  V  to  DVdd  +  0.3V 

AIN/Digital  Input  Current 

10mA 

Operating  Temperature  Range 

-40“C  to+lOSX 

Storage  Temperature  Range 

-65T  to +1  SOT 

Maximum  Junction  Temperature 

ISO^C 

TSSOP 

9ja Thermal  Impedance 

128“C/W 

GjcThermal  Impedance 

14“CAV 

Lead  Temperature,  Soldering 

Vapor  Phase  (60  sec) 

215“C 

Infrared  (15  sec) 

220“C 

Stresses  above  those  listed  under  Absolute  Maximum  Ratings 
may  cause  permanent  damage  to  the  device.  This  is  a  stress 
rating  only;  functional  operation  of  the  device  at  these  or  any 
other  conditions  above  those  listed  in  the  operational  sections 
of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 


ESD  CAUTION 


ESD  (electrostitic  discharge)  sensitive  device. 

Charged  devices  and  circuit  boards  can  discharge 
without  detection.  Although  this  product  features 
patented  or  proprietary  protection  circuitry,  damage 
may  occur  on  devices  subjected  to  high  energy  ESD. 
Therefore,  proper  ESD  precautions  should  be  taten  to 
avoid  performance  degradation  or  loss  of  functionality. 
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OUTPUT  NOISE  AND  RESOLUTION  SPECIFICATIONS 


EXTERNAL  REFERENCE 

Table  5  show$  the  output  rms  noise  ol  the  AD7792MD7793  tor 
some  ol  the  update  rates  and  gain  settings.  The  nurabcrs  given 
are  tor  tlie  bipolar  input  range  with  an  externa]  23  V  retcreocc. 
These  niunbrts  arc  typical  and  are  generated  with  a  differential 
input  voltage  of  0  V.  Table  6  and  Table  7  show  the  effect  ive 
icsolulion.  with  the  initpuf  peak  to  peuk  (p  p)  resoiutton 


shown  in  parentheses  tor  the  AD7793  and  AD77‘)2,  respeclK'dy. 
It  is  unportaiil  to  note  that  Uic  etfectivc  resolution  is  calculated 
using  the  rms  noise,  while  the  p  p  resolution  is  based  on  U)c  p  p 
noise.  Tlie  p  p  resolution  represents  the  resolution  tor  wliidi 
there  is  no  code  flicker.  These  numbers  are  typical  and  are 
loundcdto  the  nearest  IJiB. 


Table  5.  Output  RMS  Noise  (pVQ  vs,  Uain  and  Output  Update  Rate  fur  the  AD77V2  and  AD7793  Using  aii  External  2..S  V  Reference 


Update  Rate  (Hz) 

Gain  of  2 

Gain  of  4 

Gain  of  16 

Gain  of  32 

Gain  of  64 

Gain  of  126 

4.17 

0.6 

029 

0.22 

0.1 

0.065 

0.039 

0.041 

8.33 

0.96 

0.38 

0.26 

0.13 

0.078 

0.057 

0.055 

16.7 

145 

054 

0.36 

0.18 

0.11 

0.087 

0.086 

33.2 

2.13 

a  74 

0.5 

0.23 

0.17 

0.124 

0.118 

62 

2.95 

2.85 

0.92 

0.58 

0.29 

0.2 

0.153 

0.144 

123 

4.89 

4.74 

1.49 

1 

0.48 

0.32 

0.265 

0.283 

242 

11.76 

9.5 

4.02 

1.96 

0.83 

0.45 

0,379 

0.397 

470 

11.33 

9.44 

3.07 

1.79 

0.99 

0.63 

0.568 

Table  6.  Typical  Resolution  (Bits)  vs.  Gain  and  Output  Update  Rate  for  the  AD7793  Using  an  External  2.5  V  Reference 


Update  Rate  (Hz) 

Gain  of  1 

Gain  of  2 

Gain  of  4 

Gain  of  8 

Gain  of  16 

Gain  of  64 

Gain  of  128 

4,17 

23  (20.5) 

22(193) 

22  095) 

21509) 

215(19) 

21085) 

21  (18.5) 

20  075) 

8,33 

22(193) 

213(19) 

213(19) 

21  (183) 

21  (185) 

21  08.5) 

20.5  08) 

195  07) 

16.7 

215(19) 

30.5(18) 

21  (185) 

205  08) 

205(18) 

205(18) 

20  075) 

19(165) 

33.2 

21  (18.5) 

20073) 

205(18) 

20(175) 

205(18) 

20(175) 

19  0  65) 

18506) 

62 

205(18) 

19.5  07) 

205  (18) 

20(175) 

20(175) 

195  07) 

19  065) 

18  055) 

123 

20  073) 

19(16.5) 

195(17) 

19063) 

195(17) 

19(16.5) 

18(155) 

17045) 

242 

18.5(16) 

18(15.5) 

18  05.5) 

13055) 

18.5(16) 

1B506) 

17.5  05) 

(6.5(14) 

470 

18.5  (16) 

18  05,5) 

185  06) 

185  06) 

18  055) 

18  05.5} 

17(145) 

16035) 

Table?.  T>ptcal  Resolution  (Bits)  ^'s.  Gain  and  Output  Update  Rate  for  the  AD7792  Using  an  External  2.5  V  Reference 


Update  Rate  (Hz) 

Gain  of  1 

Gain  of  2 

Gain  of  4 

Gain  of  8 

Gain  of  16 

Gain  of  32 

Gain  of  64 

Gain  of  128 

4.17 

16  06) 

16(16) 

16  06) 

1606) 

16(16) 

16  06) 

8.33 

16  06) 

1606) 

16  06) 

1606) 

1606) 

1606) 

16.7 

16  06) 

1606) 

16  06) 

1606) 

1606) 

16(16) 

16(16) 

33.2 

16  06) 

16(16) 

16061 

1606) 

1606) 

16  06) 

16  06) 

62 

16  06) 

16(16) 

16  061 

1606) 

16  06) 

1606) 

16  055) 

123 

1606) 

16(16) 

1606) 

16  06) 

1606) 

165  05,5) 

16  045) 

242 

16  06) 

16  05.5) 

16(155) 

16  05  5) 

1606} 

16  06) 

16(15) 

16(14) 

470 

16  06) 

16  05.5) 

16  06) 

16  06) 

16  05.5) 

16  055) 

16(145) 

155(13,5) 
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INTERNAL  REFERENCE 

Table  8  shows  the  output  rms  noise  of  the  AD7792/AD7793  for 
some  of  the  update  rates  and  gain  settings.  The  numbers  given 
are  for  the  bipolar  input  range  with  the  internal  1.17V 
reference.  These  numbers  are  typical  and  are  generated  with  a 
differential  input  voltage  of  0  V.  Table  9  and  Table  10  show  the 
effective  resolution,  with  the  output  peak-to-peak  (p-p) 


resolution  given  in  parentheses  for  the  AD7793  and  AD7792, 
respectively.  It  is  important  to  note  that  the  effective  resolution 
is  calculated  using  the  rms  noise,  while  the  p-p  resolution  is 
calculated  based  on  p-p  noise.  The  p-p  resolution  represents  the 
resolution  for  which  there  is  no  code  flicker.  These  numbers  are 
typical  and  are  rounded  to  the  nearest  LSB. 


Table  8.  Output  RMS  Noise  (pV)  vs.  Gain  and  Output  Update  Rate  for  the  AD7792  and  AD7793  Using  the  Internal  Reference 


Update  Rate  (Hz) 

Gain  of  1 

Gain  of  2 

Gain  of  4 

Gain  of  8 

Gain  of  16 

Gain  of  32 

Gain  of  64 

Gain  of  128 

4.17 

0.81 

0.67 

0.32 

0.2 

0.13 

0.065 

0.04  ' 

0.039 

8.33 

1.18 

1.11 

0.41 

0.25 

0.16 

0.073 

0.058 

0.059 

16.7 

1.96 

1.72 

0.55 

0.36 

0.25 

0.11 

0.038 

0.088 

33.2 

2.99 

2.43 

0.33 

0.48 

0.33 

0.17 

0.13 

0.12 

62 

3.6 

3.25 

1.03 

0.65 

0.46 

0.2 

0.15 

0.15 

123 

5.83 

5.01 

1.69 

0.96 

0.67 

0.32 

0.25 

0.26 

242 

11.22 

3.64 

2.69 

1.9 

1.04 

0.45 

0.35 

0.34 

470 

12.46 

10.58 

4.58 

2 

1.27 

0.63 

0.50 

0.49 

Table  9.  Typical  Resolution  (Bits)  vs.  Gain  and  Output  Update  Rate  for  the  AD7793  Using  the  Internal  Reference 


Update  Rate  (Hz) 

Gain  of  1 

Gain  of  2 

Gain  of  4 

Gain  of  8 

Gain  of  16 

Gain  of  32 

Gain  of  64 

Gain  of  128 

4.17 

21.5  (19) 

20.5  (18) 

21  (13.5) 

20.5  (13) 

20(17.5) 

20(17.5) 

20(17.5) 

19(16.5) 

8.33 

21  (18.5) 

20(17.5) 

20.5  (13) 

20(17.5) 

20(17.5) 

20(17.5) 

19(16.5) 

18(15.5) 

16.7 

20(17.5) 

19.5  (17) 

20(17.5) 

19.5  (17) 

19(16.5) 

19.5(17) 

13.5  (16) 

17.5  (15) 

33.2 

19.5  (17) 

19(16.5) 

19.5(17) 

19(16.5) 

19(16.5) 

18.5(16) 

13(15.5) 

17(14.5) 

62 

19.5  (17) 

13.5(16) 

19(16.5) 

19(16.5) 

18.5  (16) 

13.5(16) 

13(15.5) 

17(14.5) 

123 

18.5  (16) 

13(15.5) 

18.5  (16) 

18(15.5) 

17.5  (15) 

13(15.5) 

17(14.5) 

16(13.5) 

242 

17.5  (15) 

17(14.5) 

17.5  (15) 

17(14.5) 

17(14.5) 

17.5(15) 

16.5  (14) 

15.5  (13) 

470 

17.5  (15) 

17(14.5) 

17(14.5) 

17(14.5) 

17(14.5) 

17(14.5) 

16(13.5) 

15(12.5) 

Table  10.  Typical  Resolution  (Bits)  vs.  Gain  and  Output  Update  Rate  for  the  AD7792  Using  the  Internal  Reference 


Update  Rate  (Hz) 

Gain  of  1 

Gain  of  2 

Gain  of  4 

Gain  of  8 

Gain  of  16 

Gain  of  32 

Gain  of  64 

Gain  of  128 

4.17 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

8.33 

16(16) 

16(16) 

16  (16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(15.5) 

16.7 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(15) 

33.2 

16(16) 

16(16) 

16  (16) 

16(16) 

16(16) 

16(16) 

16(15.5) 

16(14.5) 

62 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(16) 

16(15.5) 

16(14.5) 

123 

16(16) 

16(15.5) 

16(16) 

16(15.5) 

16(15) 

16(15.5) 

16(14.5) 

15.5  (13.5) 

242 

16(15) 

16(14.5) 

16(15) 

16(14.5) 

16(14.5) 

16(15) 

16(14) 

15(13) 

470 

16(15) 

16(14.5) 

16(14.5) 

16(14.5) 

16(14.5) 

16(14.5) 

15.5  (13.5) 

14.5  (12.5) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 
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ON-CHIP  REGISTERS 

The  ADC  is  controlled  and  configured  via  a  number  of  on-chip 
registers,  which  are  described  on  the  following  pages.  In  the 
following  descriptions,  set  implies  a  Logic  1  state  and  cleared 
implies  a  Logic  0  state,  unless  otherwise  stated. 

COMMUNICATIONS  REGISTER 
RS2,RShRS0  =  0r0j0 

The  communications  register  is  an  8-bit  write-only  register.  All 
communications  to  the  part  must  start  with  a  write  operation  to 
the  communications  register.  The  data  written  to  the 
communications  register  determines  whether  the  next 
operation  is  a  read  or  write  operation,  and  to  which  register  this 
operation  takes  place.  For  read  or  write  operations,  once  the 
subsequent  read  or  write  operation  to  the  selected  register  is 


complete,  the  interface  returns  to  where  it  expects  a  write 
operation  to  the  communications  register.  This  is  the  default 
state  of  the  interface  and,  on  power-up  or  after  a  reset,  the  ADC 
is  in  this  default  state  waiting  for  a  write  operation  to  the 
communications  register.  In  situations  where  the  interface 
sequence  is  lost,  a  write  operation  of  at  least  32  serial  clock 
cycles  with  DIN  high  returns  the  ADC  to  this  default  state  by 
resetting  the  entire  part.  Table  1 1  outlines  the  bit  designations 
for  the  communications  register.  CRO  through  CR7  indicate  the 
bit  location,  CR  denoting  the  bits  are  in  the  communications 
register.  CR7  denotes  the  first  bit  of  the  data  stream.  The 
number  in  parentheses  indicates  the  power-on/reset  default 
status  of  that  bit. 


CR7 

CR6 

CR5 

CR4 

CR3 

CR2 

CRl 

CRO 

WEN(O) 

R/W(0) 

RS2(0) 

RSl(O) 

RSO(O) 

CREAD(O) 

0(0) 

0(0) 

Table  11.  Communications  Register  Bit  Designations 


Bit  Location 

Bit  Name 

Description 

CR7 

WEN 

Write  Enable  Bit.  A  0  must  be  written  to  this  bit  so  that  the  write  to  the  communications  register  actually 
occurs.  If  a  1  is  the  first  bit  written,  the  part  does  not  clock  on  to  subsequent  bits  in  the  register.  It  stays  at  this 
bit  location  until  a  0  is  written  to  this  bit.  Once  a  0  is  written  to  the  WEN  bit,  the  next  seven  bits  are  loaded  to 
the  communications  register. 

CR6 

RyW 

A  0  in  this  bit  location  indicates  that  the  next  operation  is  a  write  to  a  specified  register.  A  1  in  this  position 
indicates  that  the  next  operation  is  a  read  from  the  designated  register. 

CR5  to  CRB 

RS2  to 

RSO 

Register  Address  Bits.  These  address  bits  are  used  to  select  which  of  the  ADC's  registers  are  being  selected 
during  this  serial  interface  communication.  See  Table  12. 

CR2 

CREAD 

Continuous  Read  of  the  Data  Register.  When  this  bit  is  set  to  1  (and  the  data  register  is  selected),  the  serial 
interface  is  configured  so  that  the  data  register  can  be  continuously  read.  For  example,  the  contents  of  the 
data  register  are  placed  on  the  DOUT  pin  automatically  when  the  SCLK  pulses  are  applied  after  the  RDY  pin 
goes  low  to  indicate  that  a  conversion  is  complete.  The  communications  register  does  not  have  to  be  written 
to  for  data  reads.  To  enable  continuous  read  mode,  the  instruction  0101 1 ICX)  must  be  written  to  the 
communications  register.  To  exit  the  continuous  read  mode,  the  instruction  0101 1000  must  be  written  to  the 
communications  register  while  the  RDY  pin  is  low.  While  in  continuous  read  mode,  the  ADC  monitors  activity 
on  the  DIN  line  so  that  it  can  receive  the  instruction  to  exit  continuous  read  mode.  Additionally,  a  reset  occurs 
if  32  consecutive  Is  are  seen  on  DIN. Therefore,  DIN  should  be  held  low  in  continuous  read  mode  until  an 
instruction  is  to  be  written  to  the  device. 

CRl  to  CRO 

0 

These  bits  must  be  programmed  to  Logic  0  for  correct  operation. 

Table  12.  Register  Selection 


RS2 

RSI 

RSO 

Register 

Register  Size 

0 

0 

0 

Communications  Register  During  a  Write  Operation 

8-bit 

0 

0 

0 

Status  Register  During  a  Read  Operation 

8-bit 

0 

0 

1 

Mode  Register 

16-bit 

0 

1 

0 

Configuration  Register 

16-bit 

0 

1 

1 

Data  Register 

16-/24-bit 

1 

0 

0 

ID  Register 

8-bit 

1 

0 

1 

10  Register 

8-bit 

1 

1 

0 

Offset  Register 

16-bit  (AD7792)/24-bit  (AD7793) 

1 

1 

1 

Full-Scale  Register 

16-bit  (AD7792)/24-bit  (AD7793) 
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STATUS  REGISTER 

RS2,  RSI,  RS0  =  0, 0,  0;  Power-On/Res»t  =  OxBO  (AD7792)/0x88  (RD7793) 

The  status  register  is  aa  3' bit  read  oniy  register,  To  accesis  the  ADC  status  register,  the  user  must  write  to  Uic  coramunications  register, 
select  the  next  operation  to  be  a  read,  and  load  Bit  US2t  Bit  RSI,  and  Bit  RSO  with  0.  Table  13  outlines  the  bit  designations  for  the  status 
register.  SROtItrough  indicate  the  bit  locations,  and  SR  denotes  that  the  bits  are  in  the  status  register.  SR7  denotes  I  he  first  hit  ot  the 
data  stream.  The  number  tn  parentheses  indicates  tfic  power-on7rese(  dclaull  status  ofiltal  bit. 


SR7  { 

1  SR6  1 

SR5 

SR4 

SR3 

SR2 

SRI 

SRO 

ROY(tJ  1 

0(0) 

0(0) 

0/i 

CH2(0) 

CH!(0) 

CHOtO) 

Table  1 3.  SUlua  Register  Bit  Ocsignat  ion.s 


Bit  Location 

Bit  Name 

Description 

SR7 

RDV 

Ready  B<t  for  ADC  Geared  when  data  Is  written  to  the  ADC  data  register.  The  RDY  bit  is  set  automatically 
after  the  ADC  data  register  has  been  read  or  a  period  of  time  before  the  data  register  is  updated  wit  h  a  new 
conversion  result  to  indicate  to  the  user  not  to  read  the  conversion  data.  It  is  also  set  when  tlie  part  is 
placed  in  power-down  rrKxjei  The  end  of  a  conversion  1$  indicated  by  the  DOUT/RDY  pin  also.  This  pm  can 
be  used  as  an  ahernative  to  the  status  register  for  nxinitoring  the  ADC  for  conversion  data. 

5R6 

ERR 

ADC  Error  Bit.This  bit  is  written  to  at  the  same  time  as  the  RDY  bit.  Set  to  indicate  that  the  result  wntten  to 
the  AOC  data  register  has  been  clamped  to  all  Os  or  all  fs  Error  sources  include  overrange  and  urtderrange 
Cleared  by  a  wrKe  operation  to  start  a  conversion 

SRSwSW 

0 

These  bits  are  automatically  cleared- 

SR3 

on 

This  bit  is  aulonnatically  cleared  on  the  AD7792  and  is  automatically  set  on  the  AD7793. 

SR2  to  SRO 

CH21OCH0 

These  bits  indicate  which  channel  Is  being  converted  by  t)>e  ADC 

MODE  REGISTER 

nS2,  ns  h  fiSO  =  O,  O,  u  Power-On/ftes^t  =  OxOOOA 

The  mode  register  is  u  Ib-bit  register  from  wHkH  data  can  he  read  nr  tn  whicit  data  can  he  written.  This  register  is  used  to  select  litc 
operating  mode,  upvdale  rate,  and  eJode  source.  Table  M  outlines  the  hit  dasignatiore*  (nr  the  mode  register.  MRO  through  MRI5  indicate 
file  bit  (ocaiioiu,  MRdenoimgllie  bits  are  in  the  mode  register.  MR  IS  denotes  the  tint  bti  ot  the  data  stream.  The  number  in  parentheses 
indicates  the  power  on/ reset  default  status  of  that  bit.  Any  write  to  the  setup  register  resets  the  modulator  and  filter  and  sets  (he  RDY  bit. 


MR15 

MR14 

MR13 

MR12 

MR11 

MR10 

1  MR9  I 

MRS 

MD2{0) 

MDllO) 

MDO{0) 

0(0) 

0(0) 

0(0) 

0(0) 

MR7 

MR6 

MR4 

MR3 

MR2 

MR3 

MRO 

CLKllO) 

1  0(0) 

0(0) 

FS3()) 

FSJ(O) 

FSKl) 

FSOtO) 

Table  M.  Mode  Register  Bit  Designations 


Bit  Location 

Bit  Name 

Description 

MRlSto  1 

MR!  3 

MD2  to 
MDO 

Mode  Select  Bits.  These  bits  select  the  operat  ional  rriode  of  the  AD7792/ AD7793  (See  Table  1 S). 

MR12toMRa 

0 

These  bits  must  be  programmed  with  a  Logic  0  for  correct  operation. 

MR7toMR6 

CLKt  to 
CLKO 

These  bits  are  used  to  select  the  clock  source  for  the  AD7792/AD7793.  Either  an  on-chip  64  kHz  clock  can  be 
used,  or  an  external  clock  can  be  used.The  ability  to  override  using  an  external  clock  allows  several 
A07792/AD7793  devices  to  be  synchronized.  In  addition,  50  Hz/dOHz  is  improved  when  an  accurate  external 
clock  drives  the  AD7792/AD7793. 

CLKO 

ADC  Clock  Source 

0 

Internal  64  kHz  Clock.  Internal  clock  i$  not  available  at  the  CLK  pin. 

1 

Internal  64  kHz  Clock.  This  clock  is  made  available  at  the  CLK  pin. 

■ 

0 

External  64  kHz  Clock  Used.  An  external  clock  gives  better  50  Hz/60  Hz  refeaion.  See 
specifications  for  external  clock. 

1 

External  Clock  Used. The  external  clock  is  divided  by  2  within  the  AD7792/AD7793. 

MRS  to  MFW 

0 

These  bits  must  be  programmed  with  a  Logic  0  for  correct  operation. 

MR3  to  MRO 

FS3  to  FSO 

Filter  Update  Rate  Select  Bits  (see  Table  16). 
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Table  15.  Operating  Modes 
MD2  I  MD1  I  MDO  I  Mode 


Continuous  Conversion  Mode  (Default). 

In  continuous  conversion  mode,  the  ADC  continuously  performs  conversions  and  places  the  result  in  the  data 
register.  RDY  goes  low  when  a  conversion  is  complete.  The  user  can  read  these  conversions  by  placing  the  device  in 
continuous  read  mode,  whereby  the  conversions  are  automatically  placed  on  the  DOUT  line  when  SCLK  pulses  are 
applied.  Alternatively,  the  user  can  instruct  the  ADC  to  output  the  conversion  by  writing  to  the  communications 
register.  After  power-on,  a  channel  change,  or  a  write  to  the  mode,  configuration,  or  10  register^  the  first  conversion 
is  available  after  a  period  of  2/fADc.  Subsequent  conversions  are  available  at  a  frequency  offAoc. 

Single  Conversion  Mode. 

When  single  conversion  mode  is  selected,  the  ADC  powers  up  and  performs  a  single  conversion.  The  oscillator 
requires  1  ms  to  power  up  and  settle.  The  ADC  then  performs  the  conversion,  which  takes  a  time  of  2/fADc-The 
conversion  result  is  placed  in  the  data  register,  RDY  goes  low,  and  the  ADC  returns  to  power-down  mode.  The 
conversion  remains  in  the  data  register,  and  RDY  remains  active  low  until  the  data  is  read  or  another  conversion  is 
performed. 

Idle  Mode. 

In  idle  mode,  the  ADC  filter  and  modulator  are  held  in  a  reset  state,  although  the  modulator  clocks  are  still  provided. 
Power-Down  Mode. 

In  power-down  mode,  all  the  AD7792/AD7793  circuitry  is  powered  down,  including  the  current  sources,  burnout 
currents,  bias  voltage  generator,  and  CLKOUT  circuitry. 

Internal  Zero-Scale  Calibration. 

An  internal  short  is  automatically  connected  to  the  enabled  channel.  A  calibration  takes  2  conversion  cycles  to 
complete.  RDY  goes  high  when  the  calibration  is  initiated  and  returns  low  when  the  calibration  is  complete.  The 
ADC  is  placed  in  idle  mode  following  a  calibration.  The  measured  offset  coefficient  is  placed  in  the  offset  register  of 
the  selected  channel. 

Internal  Full-Scale  Calibration. 

A  full-scale  input  voltage  is  automatically  connected  to  the  selected  analog  input  for  this  calibration. 

When  the  gain  equals  1,  a  calibration  takes  2  conversion  cycles  to  complete.  For  higher  gains,  4  conversion  cycles 
are  required  to  perform  the  full-scale  calibration. 

RDY  goes  high  when  the  calibration  is  initiated  and  returns  low  when  the  calibration  is  complete.  The  ADC  is  placed 
in  idle  mode  following  a  calibration.  The  measured  full-scale  coefficient  is  placed  in  the  full-scale  register  of  the 
selected  channel. 

Internal  full-scale  calibrations  cannot  be  performed  when  the  gain  equals  128.  With  this  gain  setting,  a  system  full- 
scale  calibration  can  be  performed. 

A  full-scale  calibration  is  required  each  time  the  gain  of  a  channel  is  changed  to  minimize  the  full-scale  error. 

System  Zero-Scale  Calibration. 

User  should  connect  the  system  zero-scale  input  to  the  channel  input  pins  as  selected  by  the  CH2  to  CHO  bits.  A 
system  offset  calibration  takes  2  conversion  cycles  to  complete.  RDY  goes  high  when  the  calibration  is  initiated  and 
returns  low  when  the  calibration  is  complete.  The  ADC  is  placed  in  idle  mode  following  a  calibration.  The  measured 
offset  coefficient  is  placed  in  the  offset  register  of  the  selected  channel. 

System  Full-Scale  Calibration. 

User  should  connect  the  system  full-scale  input  to  thednannel  input  pins  as  selected  by  the  CH2  to  CHO  bits. 

A  calibration  takes  2  conversion  cycles  to  complete.  RDY  goes  high  when  the  calibration  is  initiated  and  returns  low 
when  the  calibration  is  complete.  The  ADC  is  placed  in  idle  mode  following  a  calibration. The  measured  full-scale 
coefficient  is  placed  in  the  full-scale  register  of  the  selected  channel. 

A  full-scale  calibration  is  required  each  time  the  gain  of  a  channel  is  changed. 


Table  16.  Update  Rates  Available 


Rejection  @  50  Hz/60  Hz  (Internal  Clock) 
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FS3 

FS2 

FS1 

FSO 

tsrma  fmsl 

Rejection  9  50  Hz/60  Hzdnternal  Qock) 

1 

0 

0 

1 

16.7 

120 

00  dB  (50  Hz  only) 

1 

0 

1 

0 

16.7 

120 

65  dB  (50  Hz  and  60  Hz) 

1 

0 

1 

1 

12.5 

160 

66  dB  (50  Hz  and  60  Hz) 

1 

1 

0 

0 

10 

200 

69  dB  (50  Mz  and  60  Hz) 

1 

1 

0 

1 

0.33 

240 

70  dB  (50  Mz  and  60  Hz) 

1 

1 

t 

0 

6.2J 

320 

72  dB  (50  Hz  and  60  Hz) 

I 

1 

1 

1 

4.17 

400 

74  dB  (50  Hz  and  60  Hz) 

CONFIGURATION  REGISTER 

flS2,  BSf,  KSO=  0, 1, 0;power-On/Reset=  0x0710 

Tli«  coDt'igunrion  regjster  i«  j  16-hH  re^Uler  Irons  which  diU  can  b<?  read  orio  wtiich  data  can  be  wriUeu.  This  re^itder  is  used  to  con - 
ti$(ure  1  lie  A  D('  tor  unipolar  or  bipolar  mode,  enable  or  disable  the  bulTer,  enable  or  disable  tl\e  burnout  currents,  select  the  gain*  and 
select  the  analog  input  channel.  Table  17  outlines  the  bit  designalioiis  for  the  filler  register.  CONO  thiough  CON  1 5  indicate  the  bit 
locations;  CON  denotes  that  the  bits  are  m  the  coofiguiation  register.  CONIS  denotes  the  fir^  bit  ot  the  darastieani.Tlie  number  in 
parentheses  mdicatesthe  powei  on/resel  default  status  ol  that  bit. 


CON1S 

CONt4 

CONI  3 

1  CON12  1 

CON11 

CON10 

CON9 

CONS 

VBIAS1(0) 

VBIA50(0) 

BO(0] 

BOO5T(0) 

G2(l) 

GtO) 

GO(I) 

CON7 

CON6 

CONS 

1  CON4  1 

CON3 

CON3 

CONI 

CONO 

RtfSELIO) 

0(0) 

0(0) 

0(0) 

t  able  17.  Conriguraliiin  He{^terRit  DeKignaliuns 


Bit  Location 


BitNamc 


CONlSto  VBIAStto 

CON  14  VBIASO 


CON  13  BO 

CON  1 2  U/B 


Do»cif<ption 


Bias  Voltage  Generator  Enable.  The  negative  terminalof  the  arralog  inputs  can  be  biased  up  to  AVm.y2  Therse 
brts  arc  used  in  conjunaton  wtth  the  boost  bit. _ 


VBIAS1 

VBIASO 

Bias  Voltage 

0 

0 

Bias  voltage  generator  disabled 

0 

1 

Bias  voltage  connected  to  AINU-) 

1 

0 

Bias  voltage  connected  to  AIN2(  ) 

1 

1 

Reserved 

Burnout  Current  Enable  Bit.  When  this  bit  is  set  to  1  by  the  user,  the  100  nA  current  sources  In  the  signal  path 
are  enabled.  When  80  %  0,  the  burnout  currents  are  disabled.  The  buritout  currents  can  be  enabled  only 
when  the  buffer  or  in-amp  Is  active. 

Unipolar/Bipolar  Bit.  Set  by  user  to  enable  unipolar  coding;  that  is,  zero  differential  input  results  in  0x000000 
output,  and  a  full-scale  di^erential  input  resuirs  In  QxFFFFFF  output.  Cleared  by  the  user  to  enable  bipolar 
coding.  Negative  full-scale  differential  Input  results  man  output  code  of  0x000000,  zero  differential  input 
results  rn  an  output  codeofOxdOOOOO,  and  a  positive  full-scale  differential  input  results  in  an  output  code  of 
OxFFFFFP 


CON  11 

CON  10  to 
CONS 


G2 

EM 

GO 

Gain 

ADC  Input  Range  (2.S  V  Refet^ce) 

0 

0 

0 

1  (In-amp  not  used) 

2.5  V 

0 

1 

2  (In-amp  not  used) 

1,25  V 

0 

1 

0 

4 

625  mV 

0 

1 

8 

3)2,5  mV 

1 

0 

0 

16 

1562  mV 

1 

0 

1 

32 

78-1 25  mV 

1 

1 

0 

64 

39. 06  mV 

1 

1 

1 

128 

19.53  mV 

BOOST 

G2toG0 


This  bit  Is  used  jnconjunaion  with  the  V8IAS1  and  VBIASO  bit&  When  set,  the  current  consumed  by  the  bias 
voltage  generator  is  increased.  This  reduces  its  power*up  time. 

Gain  Select  Bits. 

Written  bv  the  user  to  select  the  AOC  inout  ranoeas  follows: 


ftw  Hirat)*  Iffll  t; 
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Bit  Location  Bit  Name 

CON7  REFSEL 


CON6to 

CONS 

CON4 


0 


BUF 


CON3  0 

CON2to  CH2to 

CONO  CHO 


Description 


Reference  Select  Bit.  The  reference  source  for  the  ADC  is  selected  using  this  bit. 


REFSEL 

Reference  Source 

0 

1 

External  Reference  Applied  between  REFIN(+)and  REFIN(-). 

Internal  Reference  Selected. 

These  bits  must  be  programmed  with  a  Logic  0  for  correct  operation. 


Configures  the  ADC  for  buffered  or  unbuffered  mode  of  operation.  \f  cleared,  the  ADC  operates  in  unbuffered 
mode,  lowering  the  power  consumption  of  the  device.  \  f  set,  the  ADC  operates  in  buffered  mode,  allowing  the 
user  to  place  source  impedances  on  the  front  end  without  contributing  gain  errors  to  the  system.  The  buffer 
can  be  disabled  when  the  gain  equals  1  or  2.  For  higher  gains,  the  buffer  is  automatically  enabled. 

With  the  buffer  disabled,  the  voltage  on  the  analog  input  pins  can  be  from  30  mV  below  GND  to  30  mV  above 
AVdd.  When  the  buffer  is  enabled,  it  requires  some  headroom,  so  the  voltage  on  any  input  pin  must  be  limited 
to  100  mV  within  the  power  supply  rails. 

This  bit  must  be  programmed  with  a  Logic  0  for  correct  operation. 

Channel  Select  Bits.  Written  by  the  user  to  select  the  active  analog  input  channel  to  the  ADC. 


CH2 

CHI 

CHO 

Channel 

Calibration  Pair 

0 

0 

0 

AINl(+)-AINl(-) 

0 

0 

0 

1 

AIN2(+)-AIN2(-) 

1 

0 

1 

0 

AIN3(+)-AIN3(-) 

2 

0 

1 

1 

AINl(-)- AINl(-) 

0 

1 

0 

0 

Reserved 

1 

0 

1 

Reserved 

1 

1 

0 

Temp  Sensor 

Automatically  selects  gain  =  1  and  internal  reference 

1 

1 

1 

AVdd  Monitor 

Automatically  selects  gain  =  1/6  and  1.1 7  V 
reference 

DATA  REGISTER 

RS2,  RS  h  RSO  =  0,  h  7;  Power-On/Reset  =  0x0000(00) 

The  conversion  result  from  the  ADC  is  stored  in  this  data  register.  This  is  a  read-only  register.  On  completion  of  a  read  operation  from 
this  register,  the  RDY  bit/pin  is  set. 

ID  REGISTER 

ftS2,  RS  h  RSO  =  h  ft  0;  Power^On/Reset  =  OxXA  (AD7792)/0xXB  (AD7793) 

The  identification  number  for  the  AD7792/AD7793  is  stored  in  the  ID  register.  This  is  a  read-only  register. 

10  REGISTER 

RS2,  RS  h  RSO  =  h  ft  7;  Power-On/Reset  =  0x00 

The  10  register  is  an  8-bit  register  from  which  data  can  be  read  or  to  which  data  can  be  written.  This  register  is  used  to  enable  and  select 
the  value  of  the  excitation  currents.  Table  1 8  outlines  the  bit  designations  for  the  10  register.  lOO  through  107  indicate  the  bit  locations; 
10  denotes  that  the  bits  are  in  the  10  register.  107  denotes  the  first  bit  ofthe  data  stream.  The  number  in  parentheses  indicates  the  power- 
on/reset  default  status  of  that  bit. 


107 

106 

105 

104 

103 

102 

101 

lOO 

0(0) 

0(0) 

0(0) 

0(0) 

lEXCDIRl(O) 

lEXCDIRO(O) 

lEXCENI(O) 

lEXCENO(O) 
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1'able  1 8.  lO  Reenter  Bit  Designations 


107  to  104 
103  to  102 


BitNam* 


0 

lEXCDIftlfo 

IEXC04RO 


lEXCENl  to 
lEXCENO 


D«tcripBon 


These  bits  must  be  programmed  with  a  Logic  0  for  correct  operation. 
Direction  of  current  sources  select  bits. 


Current  Source  Direction 


Current  Source  lEXCi  connected  to  Pin  lOUTi,  Current  Source  IEXC2 
connected  to  Pin  IOUT2. 

Current  Source  lEXCi  conneaed  to  Pin  I0UT2,  Current  Source  IEXC2 
connected  to  Pin  I0UT1 . 

Both  current  sources  connected  to  Pin  I0UT1 .  Permitted  when  the  current 
sources  are  set  to  10  pA  or  210  pA  only. 

Both  current  sources  connected  to  Pin  IOUT2,  Permitted  when  the  current 
sources  are  set  to  10  pA  or  210  pA  only. 


These  bits  are  used  to  enable  and  disable  the  current  sources  along  with  selecting  the  value  of  the 
excitation  currents 


IEXCEN1  lEXCENO  Current  Source  Value 


Excitation  Current  Disabled 
10  pA 
210pA 
1  mA 


OFFSET  REGISTER 

RS2,  RSh  RS0=  h  h  0;  Power-On/Reset- 0x8000 
(AD7792)/0x800000  (AD7793) 

Each  analog  input  channel  has  a  dedicated  olfset  register  that 
holds  oHik'l  calibration  coefficient  for  tJie  channel.  This 
register  is  16  bits  wide  on  the  AD7792  and  24  bits  wide  on  the 
AD779.T.  und  its  power -on/reset  N'aiue  is  0x8000100).  The  otTset 
register  is  used  in  contunclion  with  its  associated  full  scale 
register  to  form  a  register  pair.  The  power  on  reset  value  is 
automat  ically  overwritten  it  an  internal  or  system  zero  scale 
calibration  'v%  initialed  by  the  user  TIte  oll^  regiKler  is  a 
rcad/wrtie  register  However,  Uie  AD7792/AD779T  must  be 
in  idle  mode  oi  power-down  mode  when  writing  to  the 
otiset  register. 


FULL-SCALE  REGISTER 

ffS2.  RSh  RSO=  J,  h  1;Power-On/Reset=  OxSXXX 

(AD7792}/0x5XXX00  tAD7793) 

The  t'uU  scale  Kgistcr  is  u  1 6  bit  register  on  the  At)7792  and  a 
24  bit  register  on  the  AI77793.Thc  lull  scale  register  holds  the 
lull  scale  calibration  cociTicicnl  tor  the  ADC.  The 
AD7792/AD7793  have  3  tuU-scale  registers,  each  channel 
having  a  dedicated  lull  -scale  register  TTic  tuli  -scale  registers  arc 
rcod/write  registers;  however,  wtien  writing  to  the  tub  -scale 
registeni,  the  ADCI  must  he  placed  id  power  Jowd  mode  or  idk 
mode.  These  registers  arc  configured  on  power  on  wd  h  laciory 
calibrated  full  scale  calibration  coefhcieni&.lhe  calibration 
being  pei  termed  at  gain  -  1 .  Theretore.  ever)'  device  has 
different  default  corilicients.  The  coefficients  are  different 
depending  on  whether  the  internal  relereuceoran  extei  oal 
retervuce  Ls  .selected.  Tlie  default  value  is  automatically 
overwritten  il  an  intcmal  or  system  lull  scale  calibration  is 
initiated  by  llie  user,  or  the  full  scale  register  is  wriMcit  lu. 
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ADC  CIRCUIT  INFORMATION 

OVERVIEW 

The  AD7792/AD7793  are  low  power  ADCs  that  incorporate  a 
Z-A  modulator,  a  buffer,  reference,  in-amp,  and  an  on-chip 
digital  filter  intended  for  the  measurement  of  wide  dynamic 
range,  low  frequency  signals  such  as  those  in  pressure 
transducers,  weigh  scales,  and  temperature  measurement 
applications. 

The  part  has  three  differential  inputs  that  can  be  buffered  or 
unbuffered.  The  device  can  be  operated  with  the  internal  1.17  V 
reference,  or  an  external  reference  can  be  used.  Figure  12  shows 
the  basic  connections  required  to  operate  the  part. 


The  output  rate  of  the  AD7792/AD7793  (fADc)  is  user-program¬ 
mable.  The  allowable  i^date  rates,  along  with  their  corresponding 
settling  times,  are  listed  in  Table  1 6.  Normal  mode  rejection  is 
the  major  function  of  the  digital  filter.  Simultaneous  50  Hz  and 
60  Hz  rejection  is  optimized  when  the  update  rate  equals 
16.7  Hz  or  less  as  notches  are  placed  at  both  50  Hz  and  60  Hz 
with  these  update  rates.  See  Figure  14. 

The  AD7792/AD7793  use  slightly  different  filter  types, 
depending  on  the  output  update  rate  so  that  the  rejection  of 
quantization  noise  and  device  noise  is  optimized.  When  the 
update  rate  is  from  4.17  Hz  to  12.5  Hz,  a  Sinc3  filter,  along  with 
an  averaging  filter,  is  used.  When  the  update  rate  is  from 
1 6.7  Hz  to  39  Hz,  a  modified  Sinc3  filter  is  used.  This  filter 
provides  simultaneous  50  Hz/60  Hz  rejection  when  the  update 
rate  equals  16.7  Hz.  A  Sinc4  filter  is  used  when  the  update  rate 
is  from  50  Hz  to  242  Hz.  Finally,  an  integrate-only  filter  is  used 
when  the  update  rate  equals  470  Hz. 

Figure  1 3  to  Figure  1 6  show  the  frequency  response  of  the 
different  filter  types  for  several  update  rates. 
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Figure  13.  Filter  Profile  with  Update  Rate  =  4.1 7  Hz 
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Figure  14.FilterProfilewithUpdateRate=  16.7Hz 
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Figure  15.  Filter  Profile  with  Update  Rate  =  242  Hz 
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DIGITAL  INTERFACE 

The  programmable  functions  of  the  AD7792/AD7793  are 
conlroUcJ  using  &  set  of  on  cliip  registers.  Data  is  written  to 
these  registers  via  the  serial  interface  of  the  device;  read  access 
to  the  on-chip  registers  is  also  provided  by  this  inter^ace.  All 
communication.';  with  the  device  must  start  with  a  write  lo  tlie 
communications  register.  Alter  power  on  or  reset.  Uie  device 
expects  a  write  to  its  communications  register.  The  data  written 
to  this  register  determines  wlicUier  (lie  next  opHtralion  is  a  read 
operation  or  a  write  operation  and  determines  to  which  register 
this  read  or  write  operation  occurs.  Therefore,  wife  access  lo 
any  ot  the  other  registers  on  the  part  begins  with  a  write 
o|>eration  to  the  communications  register  followed  by  a  write  to 
the  selected  register.  A  read  operation  Irons  any  other  register 
(except  when  continuous  read  mode  is  selected)  starts  with  a 
write  to  the  communications  register  followed  hy  a  read 
operation  from  llie  selected  register. 

The  serial  interlaces  ot  the  AP7792/AD7793  consist  of  lour 
signals;  CS.  PIN.  SCTK,  and  DOUT/RPY.  Tlic  PIN  line  is  uwcl 
lo  transl'erdala  into  the  on-chip  registers,  and  POUT/RDY  is 
ased  tor  accessing  from  the  on  chip  registers.  SCLR  i$  the  serial 
clock  input  tor  the  device,  and  all  data  transfers  (cither  on  DIN 
or  DOUT/RP^')  occur  >A*ith  respect  to  the  5Q.K  signal.  The 
POUT/RDY  pm  operates  as  a  data -ready  signal  also,  the  line 
going  low  when  a  new  data  word  is  available  in  tlie  output 
register.  It  is  reset  high  when  a  read  operation  from  the  data 
register  is  complete.  It  also  goes  higji  prior  lo  the  updating  ol 
the  data  register  to  indicate  wlien  not  to  read  from  tfie  device,  to 
ensure  that  a  data  read  is  not  attempted  while  the  register  is 
being  updated.  CS  is  used  Lo  select  a  device.  It  can  be  used  lo 
decode  the  AD7792/AD7793  in  systems  where  several 
cempenents  are  connected  to  tlie  serial  bus. 


Figure  3  and  Figure  4  show  timing  diagrams  for  interfacing  to 
the  AD77^2/AD7793  with  CS  Iwing  used  to  decode  the  part. 
Hgure  3  shows  the  timing  for  a  read  operation  from  the 
AD77'!>2/AD77‘>3  output  shift  register,  and  Figure  i  shows  the 
timing  tor  a  write  operation  lo  Uic  input  si  litl  register,  h  is 
poKsQilc  to  read  (he  same  word  Itopi  <hc  data  register  several 
times,  even  though  the  POUT/RDY  line  returns  high  alter  the 
first  read  operation.  ( lowcwr,  care  must  be  taken  lo  ensurv  liiat 
llic  read  operations  liavc  been  completed  before  the  next  output 
update  occurs.  In  continuous  read  mode,  the  data  register  can 
be  read  only  once. 

The  serial  interlace  can  operate  in  3  win:  mode  by  tying  CS  low. 
In  this  case,  tlie  SCLK,  DIN,  and  DOUT/RPV  lines  are  used 
lo  communicate  with  the  AD7792/AP7793.  The  end  of  the 
conversion  can  be  monitored  using  the  RDY  bit  in  the  status 
register.  This  scheme  is  suiiidite  for  interlacing  lo  mtcrucon 
trollers.  It  CS  is  required  as  a  decoding  signal,  it  can  be 
generated  from  a  port  pin.  For  microconi  toiler  inlcrfaccs.  it  is 
recommended  that  SG.K  idle  high  Ix'twcen  data  iransicis. 

The  AD7792/AD7793  can  be  operated  w'itli  CS  being  used  as  a 
frame  synchroniiat  ion  signal.  Tliis  scheme  is  useful  for  DSF 
interfaces.  In  this  ease,  the  ftnn  bit  (MSB)  is  ctfcdivejy  clocked 
out  by  CS.  because  CS  would  normally  occur  after  the  falling 
edge  of  SCl.K  in  DSPs.  1  Iw  SCI K  can  conlinuc  lo  run  between 
data  I  ransfers.  provided  tite  timing  numbers  are  obeyed. 

The  serial  mtertace  can  be  reset  by  writing  a  scries  of  Ison  the 
DIN  in{:ut.  Ifa  Logic  I  is  written  lo  the  A07792/A177793  line 
for  at  teas!  32  serial  clock  cycles,  the  serial  interface  is  reset. 

Tliis  ensures  that  ihe  uitcrlace  can  be  reset  lo  m  know'n  slate  it' 
the  intcrtace  gets  lost  due  to  a  software  error  or  some  glitch  m 
Uic  system.  Reset  returns  the  interface  to  the  slate  in  which  it 
expecting  a  write  io  llic  communicatton.s  register.  Tliis  opera 
tkm  resets  the  contents  of  iill  registers  to  their  power-on  values. 
Following  a  reset,  the  user  shtmld  allow'  a  period  ot  500  gs 
betore  addressing  the  serial  interface. 

Tlic  AD7792/AP7793  can  be  configured  lo  cominuously 
convert  or  to  perform  a  single  conversion.  See  Figure  17 
througli  Figure  19. 
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Single  Conversion  Mode 

In  single  conversion  mode,  the  AD7792/AD7793  are  placed  in 
shutdown  mode  between  conversions.  When  a  single  conver¬ 
sion  is  initiated  by  setting  MD2,  MDl,  MDO  to  0,  0, 1  in  the 
mode  register,  the  AD7792/AD7793  power  iq?,  perform  a  single 
conversion,  and  then  return  to  shutdown  mode.  The  on-chip 
oscillator  requires  1  ms  to  power  up.  A  conversion  requires  a 
time  period  of  2  x  tAoc.  DOUT/RDY  goes  low  to  indicate  the 
completion  of  a  conversion.  When  the  data-word  has  been  read 
from  the  data  register,  DOUT/RDY  goes  high.  If  CS  is  low, 
DOUT/RDY  remains  high  until  another  conversion  is  initiated 
and  completed.  The  data  register  can  be  read  several  times,  if 
required,  even  when  DOUT/RDY  has  gone  high. 


Continuous  Conversion  Mode 

This  is  the  default  power-up  mode.  The  AD7792/AD7793 
continuously  converts,  the  RDY  pin  in  the  status  register  going 
low  each  time  a  conversion  is  completed.  If  CS  is  low,  the 
DOUT/  RDY  line  also  goes  low  when  a  conversion  is  complete. 
To  read  a  conversion,  the  user  writes  to  the  communications 
register  indicating  that  the  next  operation  is  a  read  of  the  data 
register.  The  digital  conversion  is  placed  on  the  DOUT/  RDY 
pin  as  soon  as  SCLK  pulses  are  applied  to  the  ADC. 
DOUT/RDY  returns  high  when  the  conversion  is  read.  The 
user  can  read  this  register  additional  times,  if  required. 

However,  the  user  must  ensure  that  the  data  register  is  not  being 
accessed  at  the  completion  of  the  next  conversion,  otherwise  the 
new  conversion  word  is  lost. 
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Figure  17.  Single  Conversion 
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Figure  18.  Continuous  Corwersion 
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Continuous  Read 

Rather  than  write  to  the  communications  each  time  a 

conversion  ta  complete  to  access  the  data,  the  AD7792/AD7793 
can  be  contigureJ  so  (hat  the  conversions  are  placed  on  the 
[30L;T/RI3Y  line  automatically.  Ry  writing  U 10 1  i  1 00  to  the 
communications  register,  the  user  needs  only  to  app^y  the 
appropriate  number  ot  SO-K  cycles  to  the  AP(^  and  the  16/24 
bit  word  is  automatTcully  placed  on  the  DOlTr/RPY  line  when  a 
conversion  is  complete.  The  ADC  ^illould  be  configured  for 
continuous  conversion  mode. 

When  DOUT/RDY  goes  low  to  mdicale  iJie  end  ot  a  conver¬ 
sion.  suhkieni  SCLK  cycles  must  be  applied  to  the  AOC,  and 
tlie  data  conversion  is  placed  on  tlie  DOUT/RDY  line.  When 
the  ironversion  H  l«ad^  DOUT/RDY  returns  high  until  the  next 
conversion  is  av-ailablc.  In  Lins  mode,  the  data  can  be  read  only 
once,  in  addition,  the  user  must  envuiv  that  tlie  Jala  word  is 


read  before  the  ne.ct  conversion  is  complete.  It  the  user  lias  not 
read  the  conversion  bcfoiethc  completion  of  the  next 
conversion,  or  il  insullident  serial  clocks  are  applied  to  the 
AD7792/AD7793  to  read  the  word,  the  serial  output  register  is 
ivset  when  the  next  conversion  Is  completed,  and  the  new 
conversion  is  placed  in  the  output  serial  reg^er. 

To  exit  tlie  continuous  read  mode,  the  instruction  OiOt  lODO 
must  be  written  to  the  communications  register  while  the 
DOUT/RDY  pin  is  low.  While  in  the  continuous  read  mode,  the 
ADC  monitors  activity  on  tlie  DIN  line  so  that  it  can  receive  the 
instruction  to  exit  the  continuous  read  mode.  Additionally,  a 
reset  occurs  it  32  consecutive  1  s  are  seen  on  D1 N.  Therefore. 
DIN  siiould  be  held  low  in  continuous  read  mode  until  an 
instruction  is  written  to  tlie  device. 


OIN 


Dourr^ 


figure  19.  Conr/min/iffivst 
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CIRCUIT  DESCRIPTION 

ANALOG  INPUT  CHANNEL 

The  AD7792/AD7793  have  three  differential  analog  input 
channels.  These  are  connected  to  the  on-chip  buffer  amplifier 
when  the  device  is  operated  in  buffered  mode  and  directly  to 
the  modulator  when  the  device  is  operated  in  unbuffered  mode. 
In  buffered  mode  (the  BUF  bit  in  the  mode  register  is  set  to  1 ), 
the  input  channel  feeds  into  a  high  impedance  input  stage  of  the 
buffer  amplifier.  Therefore,  the  input  can  tolerate  significant 
source  impedances  and  is  tailored  for  direct  connection  to 
external  resistive -type  sensors,  such  as  strain  gauges  or 
resistance  temperature  detectors  (RTDs). 

When  BUF  =  0,  the  part  is  operated  in  unbuffered  mode. 

This  results  in  a  higher  analog  input  current.  Note  that  this 
unbuffered  input  path  provides  a  dynamic  load  to  the  driving 
source.  Therefore,  resistor/capacitor  combinations  on  the  input 
pins  can  cause  gain  errors,  depending  on  the  output  impedance 
of  the  source  that  is  driving  the  ADC  input.  Table  19  shows  the 
allowable  external  resistance/capacitance  values  for  unbuffered 
mode  such  that  no  gain  error  at  the  20-bit  level  is  introduced. 


Table  19.  ExternalR-C  Combination  for  No  20-Bit  Gain  Error 


C(pF) 

R(n) 

50 

9k 

100 

6k 

500 

1.5  k 

1000 

900 

5000 

200 

The  AD7792/AD7793  can  be  operated  in  unbuffered  mode  only 
when  the  gain  equals  1  or  2.  At  higher  gains,  the  buffer  is  auto¬ 
matically  enabled.  The  absolute  input  voltage  range  in  buffered 
mode  is  restrictedto  a  range  between  GND  +  100  mV  and 
AVdd  -  100  mV.  When  the  gain  is  set  to  4  or  higher,  the  in -amp 
is  enabled.  The  absolute  input  voltage  range  when  the  in-amp  is 
active  is  restrictedto  a  range  between  GND  +  300  mV  and 
AVdd  -  1 .1  V.  Take  care  in  setting  up  the  common -mode 
voltage  so  that  these  limits  are  not  exceeded  to  avoid 
degradation  in  linearity  and  noise  performance. 

The  absolute  input  voltage  in  unbuffered  mode  includes  the 
range  between  GND  -  30  mV  and  AVdd  +  30  mV  as  a  result  of 
being  unbuffered.  The  negative  absolute  input  voltage  limit  does 
allow  the  possibility  of  monitoring  small  true  bipolar  signals 
with  respect  to  GND. 

INSTRUMENTATION  AMPLIFIER 

Amplifying  the  analog  input  signal  by  a  gain  of  1  or  2  is 
performed  digitally  within  the  AD7792/AD7793.  However, 
when  the  gain  equals  4  or  higher,  the  output  from  the  buffer  is 
applied  to  the  input  of  the  on-chip  instrumentation  amplifier. 
This  low  noise  in -amp  means  that  signals  of  small  amplitude 
can  be  gained  within  the  AD7792/AD7793  while  still 
maintaining  excellent  noise  performance. 


For  example,  when  the  gain  is  set  to  64,  the  rms  noise  is  40  nV 
typically,  which  is  equivalent  to  21  bits  effective  resolution  or 
18.5  bits  peak-to-peak  resolution. 

The  AD7792/AD7793  can  be  programmed  to  have  a  gain  of  1, 

2, 4. 8, 16,  32,  64,  and  128  using  Bit  G2  to  Bit  GO  in  the  configu¬ 
ration  register.  Therefore,  with  an  external  2.5  V  reference,  the 
unipolar  ranges  are  from  0  mV  to  20  mV  to  0  V  to  2.5  V  while 
the  bipolar  ranges  are  from  ±20  mV  to  ±2.5  V.  When  the 
in-amp  is  active  (gain  ^  4),  the  common-mode  voltage  (AIN(±) 
±  AIN(-))/2  must  be  greaterthan  or  equal  to  0.5  V. 

If  the  AD7792/AD7793  are  operated  with  an  external  reference 
that  has  a  value  equal  to  AVdd,  the  analog  input  signal  must  be 
limited  to  90%  of  VREp/gain  when  the  in-amp  is  active,  for 
correct  operation. 

BIPOLAR/UNIPOLAR  CONFIGURATION 

The  analog  input  to  the  AD7792/AD7793  can  accept  either 
unipolar  or  bipolar  input  voltage  ranges.  A  bipolar  input  range 
does  not  imply  that  the  part  can  tolerate  negative  voltages  with 
respect  to  system  GND.  Unipolar  and  bipolar  signals  on  the 
AIN(±)  input  are  referenced  to  the  voltage  on  the  AIN(-)  input. 
For  example,  if  AIN(-)  is  2.5  V,  and  the  ADC  is  configured  for 
unipolar  mode  and  a  gain  of  1,  the  input  voltage  range  on  the 
AIN(±)  pin  is  2.5  V  to  5  V. 

If  the  ADC  is  configured  for  bipolar  mode,  the  analog  input 
range  on  the  AIN(±)  input  is  0  V  to  5  V.  The  bipolar/unipolar 
option  is  chosen  by  programming  the  U/B  bit  in  the  configura¬ 
tion  register. 

DATA  OUTPUT  CODING 

When  the  ADC  is  configured  for  unipolar  operation,  the  output 
code  is  natural  (straight)  binary  with  a  zero  differential  input 
voltage  resulting  in  a  code  of  00...00,  a  midscale  voltage 
restilting  in  a  code  of  100. ..000,  and  a  full-scale  input  voltage 
resulting  in  a  code  of  1 1 1  ...1 1 1 .  The  output  code  for  any  analog 
input  voltage  can  be  represented  as 
Code  =  (2"  X  AIN  x  GAIN)IVsef 

When  the  ADC  is  configured  for  bipolar  operation,  the  output 
code  is  offset  binary  with  a  negative  full-scale  voltage  resulting 
in  a  code  of  000. ..000,  a  zero  differential  input  voltage  resulting 
in  a  code  of  100. ..000,  and  a  positive  full-scale  input  voltage 
resulting  in  a  code  of  1 1 1  ...1 1 1 .  The  output  code  for  any  analog 
input  voltage  can  be  represented  as 

Code  =  2^-' X  [{AIN  x  GAIN  IVref)  +  1] 
where  AIN  is  the  analog  input  voltage,  GAIN  is  the  in-amp 
setting  ( 1  to  128),  and  N  -  1 6  for  the  AD7792  and  N  -  24  for 
the  AD7793. 
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BURNOUT  CURRENTS 

The  AD7792/AU7793  contain  two  100  nA  constant  ciu  i'ent 
generators,  one  sounang  current  fmm  AVnn  lo  A1N(  ♦ )  and  one 
sinking  current  trora  AIN(- )  to  GND.  The  currents  are 
switched  to  the  selected  analog  input  pair.  Both  currents  are 
cither  on  or  ott'.  depending  on  the  burnout  current  enable  (BO) 
bit  ih  the  conligui'atton  register.  These  cui  rents  can  be  used  to 
verify  that  an  external  transducer  is  still  operational  before 
attempting  to  take  measurements  on  that  channel.  Once  the 
burnout  currents  arc  turned  on.  they  flow  in  the  external 
transducer  circuit,  and  a  measurement  ot  the  input  voltage  on 
the  analog  input  channel  can  be  taken.  If  the  resultant  voltage 
meas-ureJ  is  lull  scale,  the  user  needs  lo  verily  why  lliis  is  the 
case.  A  full  -scale  reading  could  mean  tlial  the  Iront  end  sensor 
is  open  circuil.  It  could  also  mean  that  the  front  end  sensor  is 
overloaded  and  is  justified  in  outputting  full  scale,  or  llie 
relcrencc  may  be  absent,  thus  clamping  the  data  toull  Is. 

Wlien  reading  all  Is  Irom  Lite  output,  the  user  needs  to  clieck 
lliese  three  cases  before  making  a  mdgmenl.  II  the  voltage 
measured  is  0  V,  il  ma)'  indicate  tliat  llie  transducer  has  sliort 
circuited,  For  normal  operation,  these  burnout  currents  arc 
turned  off  by  writing  a  0  to  the  60  bit  in  the  configuration 
register.  Tlic  current  sources  work  over  the  normal  absolute 
input  voltage  range  specifications  with  butlers  on. 

EXCITATION  CURRENTS 

Tlie  At?7792/AD7793  also  contain  two  matched,  software 
conligurable,  constant  current  sources  that  can  be  programmed 
to  equal  1 0  uA,  2 1 0  pA,  or  1  niA.  Both  source  currents  from  the 
AVdd  are  di«cted  to  either  the  lOUTl  or  IOUT2  pin  of  the 
device.  These  current  sources  are  controlled  via  bits  in  the  10 
register.  Tlie  contiguralion  bits  enable  the  current  sources, 
direct  the  current  sources  to  lOUTl  or  10UT2,  and  select  tlie 
>alue  o(  the  current.  Tliese  current  sources  can  be  used  to  excite 
external  resistive  bridge  or  R'l’D  sensors. 

BIAS  VOLTAGE  GENERATOR 

A  bias  voltage  generator  is  included  on  the  AD7792/AD7793. 
This  biases  the  negative  terminal  of  the  selected  input  clianncl 
to  AVdd/2.  It  is  useful  in  thermocouple  applications,  becuuse  tlie 
voltage  generated  by  the  Uiermocouple  must  be  biased  about 
some  dc  voltage  il  the  gain  is  greater  (lian  2.  Tliis  is  necessary 
because  the  instrumenfalion  amplif  ier  inquires  headroom  to 
ensui^  that  signals  close  to  GND  or  AVr>c>  arc  com'cned 
accurate!}'. 

Tlie  bios  voltage  generator  is  controlled  using  the  VBlASt  and 
VBIASO  bits  in  conjunction  with  the  boost  bh  in  the  configura 
tioo  register.  The  power  uptime  of  the  bias  voltage  generator  is 
dependent  on  the  load  capachance.  To  accommodate  higher 
load  capackaoces,  the  AD7792/AD7793  have  a  boost  bit.  When 
this  bit  is  set  lo  1 ,  Ihc  current  consumed  by  the  bias  voltage 
generator  increases,  so  that  llie  power-iq::'  lime  is  considerably 
reduced.  Figure  1 0  diows  llie  power-uptime  wJien  boo.sl  equals 
0  and  I  lor  difterent  load  capacitances. 


The  current  consumption  of  the  AD77927AD7793  increases  by 
•10  g  A  when  the  bias  voltage  generator  Is  enabled,  and  hoo.st 
equals  0.  With  the  boo.st  tunction  enabled,  the  current 
consumption  increases  by  250  gA. 

REFERENCE 

The  AD7792/AD7793  have  an  embedded  1.17  V  reterence  that 
coo  be  used  to  stqjply  the  ADC  or  un  extermii  rdercnce  can  be 
applied.  The  embedded  reterence  is  a  low  noise,  low  drill 
reference,  the  drift  being  1  ppm/^C  typically.  For  external 
retcrenccs,lhc  ADC  has  a  hilly  diftcrential  input  capability  tor 
tlie  cliannei,  Die  reference  source  for  die  AD7792/AD7793  is 
selected  using  the  RliFSEL  bit  in  the  configuralion  legisier. 
When  the  internal  reference  is  selected,  il  is  internally  a>n- 
nccied  to  the  modulator.  Il  is  not  available  on  the  REFIN  pins. 
The  common  mode  range  fbrthe.se  diltcrcntial  inputs  is  from 
GND  to  AVdd.  I’he  reference  input  isunbulfered;  liiereforc, 
excessive  R-G  source  impedances  introduce  gain  errore.  Tlie 
relerence  vollage  R£FIN  (RliFlNd)  RliFlN(’))  is23  V 
nominal,  but  the  AD7792/AD7793  arc  functional  with  reference 
voltages  from  0.1  V  to  AVdt.  In  applications  where  the  exci 
tatioQ  (voltage  or  cuiTcnt)  for  the  traosducei  on  the  analog 
input  also  drives  tlK  relerence  voltage  lor  die  port,  the  effect 
ot  the  Imv  lrei]uency  noise  in  the  excitation  source  is  removed 
because  the  application  is  ralioraetric.il  die  AD7792/AD7793 
are  used  In  a  nonratiometric  application,  a  low  noise  reference 
should  be  used. 

Recommended  2..'>  V  reference  VTiluge  sources  for  die  AD7792/ 
AD7793  include  the  ADR3fll  and  ADR39I,  whidi  ore  low  noiw. 
low  poiMfr  references.  Also  note  thal  die  reference  in]?uls 
provide  a  lugh  impedance,  dynamic  load.  Because  the  input 
bnpedance  of  eadi  reference  input  is  dynamic,  Fesisior/capadtor 
combinations  on  these  inputs  can  cause  Jc  gain  errors,  depending 
on  die  output  impedance  of  the  source  that  is  driving  die 
rcicrencc  inputs. 

Reterence  voltage  sources  like  those  reconunended  above  (sucli 
as  ADR39} )  typically  have  low  output  impedances  and  are, 
therefore,  tolerant  to  having  decoupling  capacitors  on  Riil'lNf  4) 
without  introducing  gain  errors  in  die  system.  Deriving  the 
refcTence  input  voltage  across  an  external  rcsititor  means  dial 
the  rcicrencc  input  secs  a  significant  external  source  impedance. 
External  decoupling  on  the  REFIN  pins  is  not  recommended  in 
this  type  of  circuit  contlguration. 

RESET 

The  circiulry  and  serial  interface  of  the  AD7792/AD7793  can 
be  reset  by  writing  32  conscaitive  Is  to  the  device,  This  resets 
the  logic,  the  digital  filter,  and  the  analog  modulator  while  all 
on-chip  regislen;  ore  reset  lo  their  default  values.  A  reset  is 
automatically  performed  00  power-up.  Wlien  a  reset  is  initialed, 
the  user  must  allow  a  period  of  500  belore  accessing  any  of 

tlie  on  chip  registers.  A  reset  is  useful  if  the  seiUl  intcrkicc 
becomes  asynchronous  due  lo  noise  on  the  SCLK  line. 
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AVdd  monitor 

Along  with  converting  external  voltages,  the  ADC  can  be  used 
to  monitor  the  voltage  on  the  AVdd  pin.  When  Bit  CH2  to 
Bit  CHO  equal  1,  the  voltage  on  the  AVdd  pin  is  internally 
attenuated  by  6,  and  the  resultant  voltage  is  applied  to  the  Z-A 
modulator  using  an  internal  1.17  V  reference  for  analog-to- 
digital  conversion.  This  is  useful,  because  variations  in  the 
power  supply  voltage  can  be  monitored. 

CALIBRATION 

The  AD7792/AD7793  provide  four  calibration  modes  that  can 
be  programmed  via  the  mode  bits  in  the  mode  register.  These 
are  internal  zero-scale  calibration,  internal  full-scale  calibration, 
system  zero-scale  calibration,  and  system  full-scale  calibration, 
which  effectively  reduces  the  offset  error  and  full-scale  error  to 
the  order  of  the  noise.  After  each  conversion,  the  ADC  con¬ 
version  result  is  scaled  using  the  ADC  calibration  registers 
before  being  written  to  the  data  register.  The  offset  calibration 
coefficient  is  subtracted  from  the  result  prior  to  mult^lication 
by  the  full-scale  coefficient. 

To  start  a  calibration,  write  the  relevant  value  to  the  MD2  to 
MDO  bits  in  the  mode  register.  After  the  calibration  is  complete, 
the  contents  of  the  corresponding  calibration  registers  are 
updated,  the  RDY  bit  in  the  status  register  is  set,  the  DOUT/ 
RDY  pin  goes  low  (if  CS  is  low),  and  the  AD7792/AD7793 
revert  to  idle  mode. 

During  an  internal  zero -scale  or  full-scale  calibration,  the 
respective  zero  input  and  full-scale  input  are  automatically 
connected  internally  to  the  ADC  input  pins.  A  system 
calibration,  however,  expects  the  system  zero-scale  and  system 
full-scale  voltages  to  be  applied  to  the  ADC  pins  before  the 
calibration  mode  is  initiated.  In  this  way,  external  ADC  errors 
are  removed. 

From  an  operational  point  of  view,  a  calibration  should  be 
treated  like  another  ADC  conversion.  A  zero-scale  calibration 
(if  required)  should  always  be  performed  before  a  full-scale 
calibration.  System  software  should  monitor  the  RDY  bit  in 
the  status  register  or  the  DOUT/RDY  pin  to  determine  the 
end  of  calibration  via  a  polling  sequence  or  an  interrupt-driven 
routine. 

Both  an  internal  offset  calibration  and  a  system  offset 
calibration  take  two  conversion  cycles.  An  internal  offset 
calibration  is  not  needed,  as  the  ADC  itself  removes  the  offset 
continuously. 

To  perform  an  internal  full-scale  calibration,  a  full-scale  input 
voltage  is  automatically  connected  to  the  selected  analog  input 
for  this  calibration.  When  the  gain  equals  1,  a  calibration  takes 
2  conversion  cycles  to  complete.  For  higher  gains,  4  conversion 
cycles  are  required  to  perform  the  full-scale  calibration. 
DOUT/RDY  goes  high  when  the  calibration  is  initiated  and 
returns  low  when  the  calibration  is  complete. 


The  ADC  is  placed  in  idle  mode  following  a  calibration.  The 
measured  full-scale  coefficient  is  placed  in  the  full-scale  register 
of  the  selected  channel.  Internal  full-scale  calibrations  cannot  be 
performed  when  the  gain  equals  128.  With  this  gain  setting,  a 
system  full-scale  calibration  can  be  performed.  A  full-scale 
calibration  is  required  each  time  the  gain  of  a  channel  is 
changed  to  minimize  the  full-scale  error. 

An  internal  full-scale  calibration  can  be  performed  at  specified 
update  rates  only.  For  gains  of  1,  2,  and  4,  an  internal  full-scale 
calibration  can  be  performed  at  any  update  rate.  However,  for 
higher  gains,  internal  full-scale  calibrations  can  be  performed 
when  the  update  rate  is  less  than  or  equal  to  16.7  Hz,  33.2  Hz, 
and  50  Hz  only.  However,  the  full-scale  error  does  not  vary  with 
update  rate,  so  a  calibration  at  one  update  rate  is  valid  for  aU 
update  rates  (assuming  the  gain  or  reference  source  is  not 
changed). 

A  system  full-scale  calibration  takes  2  conversion  cycles  to 
complete,  irrespective  of  the  gain  setting.  A  system  full-scale 
calibration  can  be  performed  at  all  gains  and  all  update  rates.  If 
system  offset  calibrations  are  being  performed  along  with 
system  full-scale  calibrations,  the  offset  calibration  should  be 
performed  before  the  system  full-scale  calibration  is  initiated. 

GROUNDING  AND  LAYOUT 

Because  the  analog  inputs  and  reference  inputs  of  the  ADC  are 
differential,  most  of  the  voltages  in  the  analog  modulator  are 
common-mode  voltages.  The  excellent  common-mode  reject¬ 
ion  of  the  part  removes  common-mode  noise  on  these  inputs. 
The  digital  filter  provides  rejection  of  broadband  noise  on  the 
power  supply,  except  at  integer  multiples  of  the  modulator 
sampling  frequency.  The  digital  filter  also  removes  noise  from 
the  analog  and  reference  inputs,  provided  that  these  noise 
sources  do  not  saturate  the  analog  modulator.  As  a  result,  the 
AD7792/AD7793  are  more  immune  to  noise  interference  than  a 
conventional  high  resolution  converter.  However,  because  the 
resolution  of  the  AD7792/AD7793  is  so  high,  and  the  noise 
levels  from  the  AD7792/AD7793  are  so  low,  care  must  be  taken 
with  regard  to  grounding  and  layout. 

The  printed  circuit  board  that  houses  the  AD7792/AD7793 
should  be  designed  such  that  the  analog  and  digital  sections  are 
separated  and  confined  to  certain  areas  of  the  board.  A  mini¬ 
mum  etch  technique  is  generally  best  for  ground  planes  because 
it  provides  the  best  shielding. 

It  is  recommended  that  the  GND  pins  of  the  AD7792/AD7793 
be  tied  to  the  AGND  plane  of  the  system.  In  any  layout,  it  is 
important  to  keep  in  mind  the  flow  of  currents  in  the  system, 
ensuring  that  the  return  paths  for  all  currents  are  as  close  as 
possible  to  the  paths  the  currents  took  to  reach  their  destinations. 
Avoid  forcing  digital  currents  to  flow  through  the  AGND 
sections  of  the  layout. 
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The  gix^und  planes  of  Ihe  AD7792/AD7793  should  be  allowed 
to  run  under  the  AR7792/AD7793  to  prevent  noise  coujiling. 
The  power  supply  lines  Lo  Ihe  AD7792/AD7793  sliould  use  as 
wide  a  trace  as  possible  to  provide  low  impedance  paths  and 
reduce  ihe  etfecis  ol  glilclioi  on  the  power  supply  line.  Fast 
switching  signals  such  as  clocks  should  be  shielded  w'ith  digital 
ground  to  avoid  radiating  noise  to  other  seel  ions  ol  llie  board, 
and  dock  signals  should  never  be  run  near  tlie  analog  inputs. 

Avoid  crossover  ot  digital  and  analog  signals.  Traces  on 
opposite  sides  of  the  board  should  run  at  right  angles  to  each 
other.  Tills  reduces  the  cfteclsof  fccdlhiough  througli  tlw 
board.  A  microstnp  techinique  is  by  far  the  best,  but  it  is  not 
always  possible  with  a  double-sided  board,  In  tlris  technique, 
the  component  side  of  the  board  is  dedicated  to  ground  planes, 
and  signals  are  placed  on  the  solder  side. 


{.!ood  dccouf'hng  is  important  when  using  high  resolution 
ADOs.  AVcip  should  be  decoupled  with  10  gF  tantalum  in 
parallel  with  0.)  pF  tapaciloR  lo  GND.  DV^o  should  be 
decoupled  with  10  pF  tantalum  in  pai'allel  with  0.1  gF 
capacilois  to  (lie  systems  DGND  plane,  with  the  systems 
AGND  to  DGNO  connection  being  close  to  the 
At)7792/AD7793. 

To  adiiese  llte  best  Irora  these  decoupling  aimponents,  they 
should  be  placed  as  dose  as  possible  lo  tlur  device^  ideally  riglit 
up  against  the  device.  All  logic  chips  should  be  decoupled  with 
0.1  gF  ceramic  capacitors  to  DGND. 
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APPLICATIONS  INFORMATION 

The  AD7792/AD7793  provide  a  low  cost,  high  resolution 
analog-to -digital  function.  Because  the  analog-to-digital 
function  is  provided  by  a  S-A  architecture,  the  parts  are  more 
immune  to  noisy  environments,  making  them  ideal  for  use  in 
sensor  measurement  and  industrial  and  process  control 
applications. 

TEMPERATURE  MEASUREMENT  USING  A 
THERMOCOUPLE 

Figure  20  outlines  a  connection  from  a  thermocouple  to  the 
AD7792/AD7793.  In  a  thermocouple  application,  the  voltage 
generated  by  the  thermocouple  is  measured  with  respect  to  an 
absolute  reference,  so  the  internal  reference  is  used  for  this 
conversion.  The  cold  junction  measurement  uses  a  ratiometric 
configuration,  so  the  reference  is  provided  externally. 

Because  the  signal  from  the  thermocouple  is  small,  the 
AD7792/AD7793  are  operated  with  the  in-amp  enabled  to 


amplify  the  signal  from  the  thermocouple.  As  the  input  channel 
is  buffered,  large  decoupling  capacitors  can  be  placed  on  the 
front  end  to  eliminate  any  noise  pickup  that  may  be  present  in 
the  thermocouple  leads.  The  AD7792/AD7793  have  a  reduced 
common-mode  range  with  the  in-amp  enabled,  so  the  bias 
voltage  generator  provides  a  common-mode  voltage  so  that  the 
voltage  generated  by  the  thermocouple  is  biased  up  to  AVdd/2. 

The  cold  junction  compensation  is  performed  using  a  thermis¬ 
tor  in  the  diagram.  The  on-chip  excitation  current  supplies  the 
thermistor.  In  addition,  the  reference  voltage  for  the  cold 
junction  measurement  is  derived  from  a  precision  resistor  in 
series  with  the  thermistor.  This  allows  a  ratiometric  measure¬ 
ment  so  that  variation  of  the  excitation  current  has  no  effect  on 
the  measurement  (it  is  the  ratio  of  the  precision  reference 
resistance  to  the  thermistor  resistance  that  is  measured). 
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TEMPERATURE  MEASUREMENT  USING  AN  RTD 

To  opitmizc  a  3-wirc  RTD  configuration,  two  identically 
matched  current  sources  are  required.  The  AD7793/AD7793, 
whicii  contain  two  well  malchcd  current  sources,  arc  ideally 
suited  to  these  appUcalioos.  One  possible  3-\\'ire  conhguration 
is  shown  in  Mgiire  21.  In  this  3-wu’e  configuration,  tlielead 
rcstslancL's  result  in  emOT^il  only  one  cunvni  is  used,  as  the 
excitation  current  llows  ilirougli  RLJ  ♦  developing  a  voltage  error 
between  AIN  I  (+ land  AINU-).  In  the  scliemc  outlined,  tlic 
second  RTD  current  source  is  used  to  compensate  lor  the  error 
introduced  by  the  excitation  current  flowing  through  Ril .  3Tie 
second  RT13  current  flows  through  K12.  Assuming  RI.  1  and 
RL2  are  equal  (the  leads  would  normally  be  of  the  same 


material  and  of  equal  length),  and  tOUTl  and  IOUT2  match, 
the  error  voltage  across  RL2  equals  the  error  voltage  across  1U<  I . 
and  no  error  volt^e  is  developed  between  AIN1(+)  and 
AINU  ).  Twice  the  voltage  is  developed  across  RL3  but, 
because  this  is  a  common  mode  voltage,  it  does  not  introduce 
errors.  TIk  rclcrencc  voltage  lor  the  AD77')2/Ar)7793  is  also 
generated  using  one  ol  these  matched  current  sources.  It  is 
developed  using  a  preci^on  Tvsistor  and  applied  to  the 
diflerenlial  reference  pins  ol  the  ADC.  Tliis  scheme  ensures  that 
the  analog  input  voltage  spiin  remains  mtiomeiric  to  the 
relerence  voltage.  Any  errors  In  ilie  analog  input  voltage  due  to 
the  tcraperatuie  dritt  of  the  excitation  current  are  compensated 
by  the  variation  of  the  reference  voltage. 
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OUTLINE  DIMENSIONS 


COMPLIANT  TO  JEDEC  STANDARDS  MO-153-AB 

Figure  22.  16-Lead  Thin  Shrink  Small  Outline  Package  [TSSOP] 
(RLf-16) 

Dimensions  shown  in  millimeters 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Description 

Package  Option 

AD7792BRU 

-40T  to+105“C 

16-Lead  TSSOP 

RU-16 

AD7792BRU-REEL 

-40T  to+105“C 

16-Lead  TSSOP 

RU-16 

AD7792BRUZ' 

-40T  to+lOST 

16-Lead  TSSOP 

RU-16 

AD7792BRUZ-REEL' 

-40^C  to+105“C 

16-Lead  TSSOP 

RU-16 

AD7793BRU 

to+105T 

16-Lead  TSSOP 

RU-16 

AD7793BRU-REEL 

^0“C  to+105T 

16-Lead  TSSOP 

RU-16 

AD7793BRUZ' 

^0“C  to+105“C 

16-Lead  TSSOP 

RU-16 

AD7793BRUZ-REEL' 

^0“C  to+105“C 

16-Lead  TSSOP 

RU-16 

EVAL-AD7792EBZ' 

Evaluation  Board 

EVAL-AD7793EBZ' 

Evaluation  Board 

'  Z  =  RoHS  Compliant  Part. 
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APPENDIX  B.  ADSIOOO  DATASHEET 


Buri-Biown  Products 
irofli  Texas  Insmintenls 


ADS1000 


LOW-POWER,  12-Bit  ANALOG-TO-OIGITAL  CONVERTER 
with  I^C™  INTERFACE 


FEATURES 

•  Complete  12-Bit  Date  Acquisition  System  in 
a  Tiny  SOT-23  Package 

•  Low  Current  Consumption:  Only  90pA 

•  Integral  Nonlinearity:  1LSB  Max 

•  Single-Cycle  Conversion 

•  Programmable  Oain  Amplifier 
Gain  =  1,  2.  4,  or  8 

•  128SPS  Data  Rate 

•  I’C  Interface  with  Two  Available  Addresses 

•  Power  Supply:  2.7V  to  5.SV 

•  Pin-  and  Software-Corrqiatible  with  tS-Bit 
ADS1100 

APPLICATIONS 

•  Voltage  Monitors 

•  Battery  Management 

•  Industrial  Process  Control 

•  Consumer  Goods 

•  Temperature  Measurenrent 


DESCRIPTION 

The  ADS1000  is  an  I^C-compatibie  serial  interface 
Anaiog-to-Digital  (A/D)  convener  with  dilferential 
inputs  and  12  Ms  of  resolution  in  a  tiny  SOT23-6 
package  Conversions  are  performed  ratiometncally 
using  the  power  supply  as  the  reference  voltage  The 
ADSIOOO  operates  from  a  single  power  supply 
ranging  from  2  7V  to  5  5V 

The  ADS1000  performs  conversions  at  a  rate  of  128 
samples  per  second  (SPS)  The  onboard 
programmable  gain  amplifier  (PGA)  which  offers 
gams  of  up  to  8  allows  smaller  signals  to  be 
measured  wrth  hrgh  resolutron  In  smgle-converston 
mode,  the  ADSIOOO  aulomatrcally  powers  down  after 
a  conversron  greatly  reduang  current  consumptron 
dunng  rdle  perrods 

The  AOS1000  rs  designed  fcK  applrcabons  where 
space  and  power  consumptron  are  major 
consrderabons  Typtcal  applicatrons  rnclude  portable 
mstrumenlalron.  consumer  goods  arxl  voltage 
morxlormg 


Af^tte  ue  swve  vrat  an  inxrmani  notrce  ccncenwrg  avaaaoaay  aranoara  warranry  ano  u«a  at  craicar  aireacaDona  of 
laaaa  arUrvmantasanKanouctar  products  and  ritsotatmorainarttoappaara  at  tnaandofltvsdala  Uwcl 
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TTns  ifiMQratod  oircuil  can  be  (tama9ed  by  ESO  Texas  inetruments  recocnmanbe  ibat  M  tnteoreled  orcmls  be  handled  wnn 
^  epproohete  pfecaubons  Faeure  to  obsdfve  proper  hancAno  *^*****1^  Pf'ocedures  can  cauia  damage 

ESO  damage  can  range  from  subtle  pertonnance  degradatton  to  compicle  device  toAire  Prec»Ston  mcegrated  circufrs  may  be  more 
susoepbbie  to  damage  because  very  smaa  parametric  changes  could  cause  (be  device  not  to  meet  its  pubsshed  spaofrcabons 

PACKAGBORDERING  INFORMATION 

For  the  most  current  package  and  ordering  information,  see  the  Package  Option  Addendum  located  at  the  end  of 
this  datasheet  or  see  the  Tl  website  at  www.ti  com 


ABSOLUTE  MAXIMUM  RATINGS*'' 

Over  operating  free-air  temperature  range  (unless  otherwise  noted) 


AOSIOOO 

UNIT 

VoD  to  CND 

•0  3  to  t6 

V 

Input  Current  (Momentary) 

100 

mA  ' 

Input  Cunent  (Continuous) 

10 

mA 

Vottage  to  GNO.  Vm.. 

-0  3  to  Vdo  10  *0.3 

V 

Vonaga  lo  GNO.  SOA.  SCL 

-0  510*6 

V 

Maximum  Junction  Tamparetura.  Tj 

♦  150 

X 

Operatsig  Temperature 

-40  to  ‘ITS 

-c 

Storage  Temperature 

-60(0  ♦ISO 

Lead  Temperature  (soidenng  lOs) 

♦300 

c 

(1)  Stretam  abova  Biosa  lutod  under  Abso/ute  Maximum  Ratings  may  cause  parmananl  damaga  to  toe  device  Eiqiosure  to  absoiuta 
maximum  condanns  tor  extended  penods  may  aHed  device  rettobiMy 

PIN  CONFIGURATIONS 


Vn,  SOA 

Rir^R 

V.  Va,  SOA 

Rim  FI 

BDO 

BD1 

LiJLiJLiJ 

V..  GW}  SCI 

RLiJLiJ 

V4H  QNDSa 

•’CsOdress  lOOIOOO  I'csddrou  lOOtOOi 

NOTE  Matirirg  text  direction  irxbcsies  pin  I  MarVingUxt  dsosnd*  on  t^Csddrss*.  ass  Psekags  Option  Addondum 

2  Suormr  Ooctanemabod  Feacbac* 
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ELECTRICAL  CHARACTERISTICS 

M  specsftcations  C  to  ‘(^'C  =  5V.  GNO  =  OV,  and  all  PGAs,  unleu  othenwise  noted 


AOS1000 

PARAMETER 

CONDITIONS 

MIN 

TVP 

MAX 

UNIT 

ANALOG  INPUT 

Fu^  Seale  input  Vdttge 

IV.I,.)-(V* » 

V 

Analog  mpul  Vottage 

V^.,V,„  loGND 

GN0.02 

V 

Oifferentiai  Input  Impedance 

3  4/PGA 

MO 

Common-Mode  Input  lmpe<Mnce 

a 

MQ 

SYSTEM  PERFORMANCE 

Recdution 

No  Miuing  Codec 

13 

Bits 

Data  Rate 

104 

12a 

184 

SPS 

Integral  Nonlinearity  (INI) 

±0,1 

1 

LSB 

OfHai  Error 

*2 

LSB 

Gam  Error 

0.01 

0.1 

% 

DIGITAL  INPUT/OUTPUT 

Logic  L*vti 

V., 

0  7VOO 

6 

V 

V, 

OND  -  0.5 

0  3\4.t 

V 

V. 

1 .  K  SmA 

GNO 

04 

V 

Input  le*a«g* 

V,  =5SV 

10 

mA 

k. 

Vt  =GND 

-  to 

pA 

POWER-SUPPLY  REQUIREMENTS 

Powmr-  Supply  Vat  age 

37 

ss 

V 

Supply  Curr  At 

Power-Down 

005 

3 

pA 

Actiua 

90 

150 

mA 

Power  DissipabQn 

ma 

Vk  s50V 

450 

750 

ww 

Vk*3  0V 

210 

uw 

t1)  Etch  input  V«{.  and  Vm>  nusl  meet  the  thsoiute  viput  voHtge  speoUcthani 
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TYPICAL  CHARACTERISTICS 
At  Ta  =  25"C  and  V,-n  =  5V.  unles  otherwise  indicated 


Twnptriiurv  ('Cy 

PlOure  1- 


SUPPLY  CURRENT  v$  t^C  BUS  FREQUENCY 


10  1O0  U  lOh 

I^C  au»  Frsqumcy  (kHz) 


Figure  2. 


OFFSET  ERROR  vs  TEMPERATURE 


m  -4U  -20  0  20  40  flO  80  100  12r)  I4t) 

Tetnpomture  (’C) 

Rgure  4. 


-60  -40  -  20  0  30  40  BO  80  100  120  140 

Temperature  rC) 

Figure  S. 
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THEORY  OF  OPERATION 


The  AOS1000  IS  a  tuny  diflefemial.  12-M  A/D 
converter  The  AOSIOOO  allows  users  to  obtain 
precise  measuremerts  with  a  rmnimurh  of  effort  and 
the  device  is  extremefy  easy  to  design  with  and 
configure 

The  ADS1000  consists  of  an  A/D  converter  core  with 
adjustable  gam,  a  clock  generator,  and  an  I’D 
interface  Each  of  these  blocks  are  descnbed  in  detail 
in  the  sections  that  follow 


ANALOG-TO-DIGITAL  CONVERTER 

The  ADStOOO  uses  a  switched-capacitor  input  stage 
To  external  circuitry,  It  looks  roughly  like  a  resistance 
The  resistance  value  depends  on  the  capacitor 
values  and  the  rate  at  which  they  are  switched  The 
switching  clock  is  generated  by  the  onboard  clock 
generator,  so  its  frequency,  nominally  275kHz.  is 
dependent  on  suix>ly  voltage  and  temperature  The 
capacitor  values  depend  on  the  PGA  setting 

The  oomrrwn-mode  arxJ  differential  infiut  impedances 
are  different  For  a  gam  setting  of  PGA  the 
dilferenbal  input  impedance  is  typically  2  AMQ/PGA 

The  common-mode  impedance  is  typically  8MQ 


OUTPUT  CODE  CALCULATION 

The  AOS1000  outputs  codes  in  binary  twos 
comptement  format  The  output  code  is  confined  to 
the  range  of  numbers  -2048  to  2047  and  is  gnren 

py 


Output  Code 


204S<PGA)| 


V, 


CLOCK  GENERATOR 

The  ADS1000  features  an  onboard  clock  generator 
The  Typical  Characteristics  show  vanations  in  data 
rate  over  supply  voltage  and  temperature  It  is  not 
possible  to  operate  the  ADS1000  with  an  external 
clock 

USING  THE  AOS1000 
OPERATING  MODES 

The  ADS1000  operates  in  one  of  two  irxxles 
continuous  conversion  and  single  conversion 

In  continuous  conversion  mode,  the  ADSIOOO 
continuously  performs  conversions  Once  a 


conversion  has  been  compleled.  the  AOS1000  places 
the  result  in  the  output  register,  arx)  immediately 
begins  another  conversion  When  the  /\OS1000  is  In 
continuous  conversion  mode,  the  ST/BSY  bit  in  the 
configuration  register  always  reads 'T 

In  smgle  conversion  mode  the  /VOS1000  waits  until 
the  ST/BSY  bit  in  the  conversion  register  is  set  to  '1'. 
When  this  happens  the  AOSIOOO  powers  up  and 
performs  a  single  conversion  After  the  conversion 
completes  the  ADSIOOO  places  the  result  in  the 
output  register  resets  the  ST/BSY  bit  to  'O'  and 
powers  down  Writing  a  '1'  to  ST/BSY  while  a 
conversion  is  in  progress  has  no  effect 

When  switching  from  continuous  conversion  mode  to 
single  conversion  mode,  the  ADS'tOOO  will  comjnlete 
the  current  conversion,  reset  the  ST/BSY  tut  to  'O'  and 
power-down  the  device 

RESET  AND  POWER-UP 

When  the  ADSIOOO  jcowers  up,  it  automatically 
perfoms  a  reset  As  part  of  the  reset,  the  ADS1000 
sets  all  of  the  bits  m  the  configuration  register  to  their 
respective  default  settings 

The  ADS1000  resjXkxls  to  the  l%  General  Call 
Reset  command  VWien  the  ADSIOOO  receives  a 
General  Call  Reset  it  performs  an  internal  reset, 
exactly  as  though  it  had  just  been  powered  on 

l*C  INTERFACE 

The  AOS1000  communieales  through  an  l% 
(Inter-Integrated  Orcut)  interface  The  l%  irserface  is 
a  two-wire,  open-dram  interface  supporting  multiple 
devices  and  masters  on  a  single  bus  Devices  on  the 
l^  bus  only  drive  the  bus  lines  low,  by  connecting 
them  to  ground,  they  never  drive  the  bus  lines  high 
Instead,  the  bus  wires  are  pulled  high  by  puil-up 
resistors,  so  the  bus  wires  are  high  when  no  device  is 
driving  them  low  This  way.  two  devices  cannot 
conflict,  It  two  devices  drive  the  bus  simultaneously, 
there  is  no  driver  contention 

Communication  on  the  l^  bus  always  takes  place 
between  two  devices,  one  acting  as  the  master  and 
the  other  acting  as  the  slave  Both  masters  and 
slaves  can  read  and  write,  but  slaves  can  only  do  so 
under  the  direction  of  the  master  Some  I’C  devices 
can  act  as  rnasters  or  slaves  but  the  ADS1000  can 
only  act  as  a  slave  device 
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An  1%  DUS  consists  of  two  tmes.  SOA  and  SCL  SDA 
carries  data.  SCX  provides  the  clock  All  data  is 
transmitted  across  the  1%  txs  m  groups  of  eight  bits 
To  send  a  bit  on  the  l*C  bus,  the  &A  Ime  is  driven  to 
the  bit  level  while  SCL  is  low  (a  Low  on  SDA 
indicates  the  bit  is  'O'  a  High  indicales  the  bn  is  '1') 
Once  the  SDA  line  has  settled  the  SCL  line  is 
brought  high,  then  low  TNs  pUse  on  SCL  docks  the 
SDA  bn  into  the  receiver  shift  register 

The  l*C  bus  IS  bidirectional  the  SDA  line  is  used  both 
for  transmitting  and  receiving  data  When  a  master 
reads  from  a  slave,  the  slave  dnves  the  data  line 
when  a  master  serrds  to  a  slave,  the  master  drives 
the  data  line  The  master  always  drives  the  clock  line. 
The  ADS1000  never  drives  SCL.  because  It  cannot 
act  as  a  master  On  the  ADS1000,  SCL  is  an  input 
only 

Most  of  the  time  the  bus  is  idle,  no  cornmunication 
takes  place,  and  both  lines  are  high  When 
communication  takes  place,  the  bus  is  active  Only 
master  devices  can  start  a  communication  They  do 
this  by  causing  a  start  condition  on  the  bus  Normally, 
the  data  Ime  is  only  allowed  to  change  state  while  the 
clock  line  is  low  It  the  data  line  changes  state  while 
the  clock  line  is  high  it  Is  either  a  start  condtion  or  its 
courkerpart  a  stop  condition  A  start  corxMion  is 
when  the  dock  line  is  high  and  the  data  line  goes 
from  high  to  low  A  stop  condition  is  when  the  clock 
lir>e  IS  high  arid  the  data  line  goes  from  low  to  high 

Alter  the  master  issues  a  start  condition,  it  sends  a 
byte  that  indicates  with  which  slave  device  it  wants  to 
communicate  Tins  byte  is  cased  the  address  byte 
Each  device  on  an  bus  has  a  unique  7-bit 
address  to  which  it  responds  (Slaves  can  also  have 
lO-twt  addresses  see  the  1^  specificalion  for 
detaSs )  The  master  sends  an  address  in  the  address 
byte,  together  with  a  bd  that  indicates  whether  it 
wishes  to  read  from  or  wnte  to  the  slave  device 
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Every  byte  transmttied  on  the  I^C  bus,  whether  it  be 
address  or  data  is  acknowledged  with  an 
acknoniledge  bit  When  a  master  has  finished 
sending  a  byte,  eight  data  bits  to  a  slave,  it  stops 
driving  SOA  and  waits  for  the  slave  to  acknowled^ 
the  byte  The  slave  ackrcwledges  the  byte  by  pulling 
SDA  low  The  master  then  sends  a  dock  pulse  to 
dock  the  ackrxiwledge  bit  Similarly,  when  a  master 
has  fimshed  reading  a  byte  it  pulls  SDA  low  to 
acknowledge  to  the  slave  that  it  fias  finished  reading 
the  byte  It  then  sends  a  dock  pulse  to  dock  the  bit 
(Remember  that  the  rnaster  always  drives  the  dock 
line.) 

A  not-ackncMledge  is  performed  by  simply  leaving 
SDA  high  during  an  acknowledge  cycle  If  a  device  is 
not  present  on  the  bus.  and  the  master  attempts  to 
address  It  it  will  receive  a  not-acknowledge  because 
no  device  is  present  at  that  address  to  pull  the  line 
low 

When  a  master  has  finished  communicating  with  a 
slave.  It  may  issue  a  stop  condition  When  a  stop 
condition  Is  issued  the  bus  becomes  KDe  again  A 
master  may  also  issue  another  start  concMon  When 
a  start  condition  is  issued  while  the  bus  is  active,  it  is 
called  a  repeated  start  conMon 

A  timing  diagram  for  an  AOS1000  i%  transaction  is 
shown  in  Figure  6  Table  1  gives  the  parameters  for 
this  diagram 
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Figure  6.  I^C  Timing  Diagram 


Table  1.  Timing  Diagram  Delinitions 


PARAMETER 

FAST  MODE 

HIGH-SPEED  MODE 

UNITS 

MN 

IMAX 

MIN 

MAX 

SCLK  Opotsting  Frequency  t  ..,,^1  . 

0.4 

3.4 

MHs 

Bus  Ffm  Tim*  8«twnn  STOP  end  START  l|SJF> 

Condihon 

600 

160 

n» 

HoW  Tim*  After  Repealed  START  Cdndltior>.  tt)Q.r«i 
Alter  ihit  period  the  fird  doeh  is  gwierated. 

600 

160 

m 

Repeeted START  Condition  Setup  Tlrne  1 

600 

160 

ns 

STOP  CendHion  Setup  Tim*  tva^vi 

600 

160 

ns 

Date  Hoht  Tim*  t,,.; 

0 

0 

ns 

Date  Setup  Time  r 

too 

10 

ns 

SCLK  Clock  Lew  Ported  t  ,., ,, . 

1300 

160 

ns 

SCLK  Clock  High  Penod  Liuix. 

600 

60 

ns 

ClocldDete  Pell  Time  ii 

300 

160 

ns 

Clock/Oalo  Rise  Time  k. 

300 

160 

ns 
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ADS1000  Pc  ADDRESSES 

The  ADS1CXX)  address  is  either  1001000  or 
1001001.  set  at  the  tamory  The  address  is  identified 
with  an  AO  or  an  A1  within  the  orderable  name 

The  two  different  t’C  variants  are  also  marked 
difTerently  Devices  with  an  1%  address  of  1001000 
have  packages  marked  EDO  while  devices  with  an 
l*C  address  of  1001001  are  marked  with  BD1  See 
the  Package/Ordenng  Information  TaPle  for  a 
complete  listing  of  the  ADS1000  1^  addresses  and 
tape  and  reel  size 

Pc  GENERAL  CALL 

The  ADS1000  responds  to  General  Call  Reset,  winch 
IS  an  address  byte  of  OOh  followed  by  a  data  byte  of 
06h  The  ADS1000  acknowledges  both  bytes 

On  receiving  a  General  Call  Reset,  the  ADS1000 
performs  a  full  internal  reset,  just  as  though  it  had 
been  powered  off  and  then  on  If  a  conversion  is  in 
process,  it  is  interrupted,  the  output  register  is  set  to 
zero  and  the  configuration  register  returns  to  its 
default  setting 

The  ADS1000  always  acknowledges  the  General  Call 
address  byte  of  OOh.  but  it  does  not  acknowledge  any 
General  Cal)  data  bytes  other  than  04h  or  OOh 

Pc  DATA  RATES 

The  1^  bus  operates  m  one  of  three  speed  modes 
Standard,  which  altows  a  clock  ftequerKy  of  up  to 
100kHz.  Fast  which  allows  a  dock  frequency  of  up  to 
400kHz.  and  High-speed  mode  (also  called  Hs 
mode)  which  allows  a  clock  frequency  of  up  to 
3  4MI^  The  ADS1000  IS  fully  compatible  with  all 
three  modes 

No  speaal  action  needs  to  be  taken  to  'jse  the 
AOS1000  m  Standard  or  Fast  modes  but  High-speed 
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mode  must  be  activated  To  activate  High-speed 
mode,  send  a  special  address  byte  of  00001XXX 
following  the  start  condition,  where  the  XXX  bits  are 
unique  to  the  Hs-capeble  master  This  byte  is  called 
the  Hs  master  code  (Note  that  this  is  d^ereri  from 
normal  address  bytes,  the  low  bit  does  not  indicate 
read/write  status)  The  AOS1000  will  not 
acknowledge  this  the  1^  specification  prohibits 
acknowledgment  of  the  Hs  master  code  On  receiving 
a  master  code,  the  AOS1000  will  switch  on  its 
High-speed  mode  filters  and  will  communicate  at  up 
to  3  4MHz  The  ADS1000  switches  out  of  Hs  mode 
with  the  next  stop  condition 

For  more  information  on  High-speed  mode,  consult 
the  l*C  specification 

REGISTERS 

The  ADS1000  has  two  registers  that  are  accessible 
via  Its  Pc  port  The  output  register  contains  the  result 
of  the  last  conversion  the  configuration  register 
allows  users  to  change  the  ADSIOOO  operating  mode 
and  query  the  status  of  the  device 

OUTPUT  REGISTER 

The  16-bit  output  register  contains  the  result  of  the 
last  conversion  m  bmaiy  twos  complement  format 
Since  the  port  yields  12  bits  of  data,  the  ADSIOOO 
outputs  ngtS-fuMfied  arxf  sign-extended  codes  This 
output  format  makes  it  possible  to  perform  averaging 
using  a  16-bit  accumulator 

Following  reset  or  power-up.  the  output  register  is 
cleared  to  'O’,  it  remains  zero  until  the  first  conversion 
IS  completed  Therefore,  if  a  user  reads  the  ADS1000 
just  after  reset  or  power-up  the  output  register  will 
read'cr 

The  output  register  lormat  is  shown  in  Table  2 


Table  2.  OUTPUT  REGISTER 
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CONFIOURATION  REGISTER 

A  user  controls  the  AOS1000  operating  mode  and 
PGA  settings  via  Uie  8-M  configuration  register  The 
configuration  register  fonnat  is  shown  in  Table  3  The 
default  setting  is  BOH 

Table  3.  CONFIGURATION  REGISTER 
1  6  9  4  3  2  10 

I  ST/BST  I  0  I  0  I  ac  I  0  I  0  I  PGA1  |  PGAO  | 

Bit  7:  ST/BSY 

The  meaning  of  the  ST/BSY  bit  depends  on  whether 
It  IS  being  written  to  or  read  from 

In  single  conversion  mode,  writing  a  '1'  to  the  ST/BSY 
bit  causes  a  conversion  to  start,  and  wnting  a  'O'  has 
no  effect  In  continuous  conversion  mode,  the 
ADS1000  ignores  the  value  written  to  ST/BSY 

When  read  in  single  conversion  mode,  ST/BSY 
indicates  whether  the  A/D  converter  is  busy  taking  a 
conversion  If  ST/BSY  is  read  as  'T,  the  A/D 
converter  is  busy,  arxl  a  conversion  is  taking  place.  If 
'O',  no  conversion  is  taking  place,  and  the  result  of  the 
la^  conversion  is  available  m  the  output  register 

In  continuous  mode,  ST/BSY  is  always  read  as  'f 

Bits  6  •  5:  Reserved 

Bits  6  and  5  must  be  set  to  2ero 

Bit  4:  SC 

SC  controls  whether  the  ADS1000  is  in  continuous 
conversion  or  single  conversion  mode  When  SC  is 
'1',  the  AOStOOO  IS  in  single  conversion  mode,  when 
SC  Is  'O',  the  AOS1000  Is  in  continuous  conversion 
mode  The  default  setting  is  'O' 

Bits  3-2;  Reserved 

Bits  3  and  2  must  be  set  to  zero 


Bits  1  -  0:  PGA 

Bits  1  and  0  control  the  AOS1000  gam  setting,  see 
Table  A 


Table  4.  PGA  Bits 


PGA1 

PGAO 

GAIN 

Of' 

giTl 

1  ' 

0 

1 

2 

1 

0 

4 

1 

1 

6 

<1)  MttfnQ, 

READING  FROM  THE  ADS1000 

A  user  can  read  the  output  register  and  the  concents 
of  the  configuration  register  from  the  /MDSIOIX)  To  do 
this,  address  the  ADS1000  lor  reading,  and  read 
three  bytes  from  the  device  The  first  two  bytes  are 
the  output  register  oorlents.  the  third  byte  is  the 
configuration  register  conlerts 

A  user  does  not  always  have  to  read  three  bytes  from 
the  AOS1000  It  only  the  cortents  of  the  output 
register  are  needed  read  only  two  bytes 

Reading  more  trian  three  bytes  from  the  ADS1000 
has  no  effect  All  of  Ihe  b^es  beginning  with  the 
fourth  byte  will  be  FFh  See  Figure  7  for  a  timing 
diagram  of  an  AOS1000  read  operation 

WRITING  TO  THE  AOS1000 

A  user  can  whte  new  cortents  into  the  configuration 
register  (the  oontenis  of  the  output  register  cannot 
change)  To  do  INs  address  Ihe  ADS1000  for  wnting 
and  write  one  byte  to  it  This  byte  is  written  mlo  the 
configuration  register 

Wnting  more  than  one  byte  to  the  ADS1000  has  no 
effect  The  ADS1000  ignores  any  bytes  sent  to  It  after 
the  first  one,  and  will  only  acknowledge  the  first  byte 
See  Figure  8  for  a  timing  diagram  of  an  ADS1000 
write  operation 


C«pyngM  C  2006>‘2007  T»»t  >«»corpor»wtf 

Pro«>ct  fct6ef  Liru«si  AOSi(X» 


5u0m(t  £>ocumeot«t«n  Feedtec*  9 


81 


ADS1000 


4SE0&C7OCER  XC7 


J^TfeXAS 

INSTKUMENTS 

wvrwjLcofn 


nJLTUUUUlJl^^ 

^  '  A '•  il ii  ii  ii  I i  i  i  u  i i  !i  u ii  ii  ^ 

\/\.  ^  ,  ./\o 

^  “  ACOf  - 

ADSIOOO 


-  'rsne  I  I  C  Sbte  Address  Oyre- 


AOS1000 

-frames  ConlaijaiKin ftogdav-  — — -•» 


Figure  8.  Timing  Diagram  for  Writing  to  the  ADS1000 


10  SuCvnV  Ooct/men<«(ion 


CopirngM  C  2006-2007  TsAt  irrwvmenlf  InconwfMsd 

Product  Folder  LiAk«i  AOSfOOO 


82 


AOS1000 


flhtXAS 
Instruments 

Mww.i  c«m 

APPUCATION  INFORMATION 


BASIC  CONNECTIONS 

For  many  applications,  connecting  the  ADSIOOO  is 
extremely  simple  A  basu:  connection  diagram  for  the 
AOS1000  IS  shown  in  Fgure  9 

The  Fully  differential  voltage  input  of  the  ADS1000  is 
Ideal  for  connection  to  differential  sources  with 
rrwderately  low  source  impedance,  such  as  bridge 
sensors  and  thermistors  Although  the  AOS1000  can 
read  bipolar  differential  signals,  it  cannot  accept 
negative  voltages  on  either  input  It  rnay  be  helpful  to 
thinK  of  the  ADSIOOO  positive  voltage  input  as 
noninverting,  and  of  the  negative  input  as  inveiting 

^en  the  ADSIOOO  is  converting,  it  draws  current  in 
short  spikes  The  0  lpF  bypass  capaator  supplies 
the  momentary  bursts  of  extra  current  needed  from 
the  supply 


The  AOS1000  interfaces  (Erectly  to  standard  rrxxle. 
fast  mode  and  high-speed  mode  l%  controllers  Any 
microcontroller  l^  peripheral,  irxtiuding  master-only 
and  non-rrxilliple-master  l%  penpherals  will  work 
with  the  ADSIOOO  The  AOS1000  does  not  perform 
dock-stretching  (that  is.  it  never  pulls  the  dock  line 
low),  so  it  IS  not  necessary  to  provide  for  this  unless 
other  devices  are  on  the  same  i%  bus 

Pull-up  resistors  are  necessary  on  both  the  SDA  and 
SCL  lines  because  l*C  bus  drivers  are  open-drain 
The  size  of  these  resistors  depends  on  the  bus 
operating  speed  and  capacitance  of  the  bus  lines 
Higher-value  resistors  consume  less  power,  but 
increase  the  transition  times  on  the  bus.  limiting  the 
bus  speed  Lower-value  resistors  allow  higher  speed 
at  the  expense  of  higher  power  consumption  Long 
bus  lines  have  higher  capacitance  and  require 
smaller  pullup  resistors  to  compensate  The  resistors 
should  not  be  too  small,  if  they  are.  the  bus  drivers 
may  not  be  able  to  pull  the  bus  lines  low 
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Figure  9.  Typical  Connactions  of  the  ADS1000 
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CONNECTING  MULTIPLE  DEVICES 


Connecting  two  AOSIOOOs  to  a  single  txe  is  almost 
trivial  An  example  showing  two  ADSIOOOs  and  one 
AOS1100  connected  on  a  single  bus  is  shown  m 
Figure  10  Multiple  devices  can  be  connected  to  a 
single  bus  (provided  that  their  addresses  are 
diireient) 


Note  that  only  one  set  of  pull-up  resistors  is  needed 
per  bus  A  user  might  find  that  he  or  she  needs  to 
lower  the  pull-up  resistor  values  slightly  to 
compensate  for  the  additional  bus  capacitance 
presented  by  multiple  devices  and  increased  line 
length 


Figure  10.  Connecting  Multiple  ADSIOOOs 


USING  GPIO  PORTS  FOR  1*C 

Most  microcontrollers  have  programmable 
input/output  pins  that  can  be  set  in  software  to  act  as 
inputs  or  outputs  If  an  I’C  controller  is  not  available, 
the  ADS10(X)  can  be  connected  to  GPIO  pins,  and 
the  I’C  bus  protocol  simulated,  or  txt-banged,  in 
software  An  example  of  this  for  a  single  AOS1000  is 
shown  in  Figure  11 
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Figure  11.  Using  QPIO  with  a  Single  ADS1000 


BH-banging  l*C  with  GPIO  pins  can  be  done  by 
setting  the  GRO  line  to  zero  and  toggling  it  between 
input  and  output  modes  to  apply  the  proper  bus 
states  To  drive  the  line  low,  the  pm  is  set  to  output  a 
'O’  to  let  the  line  go  high,  the  pin  »  set  to  input  When 
the  pm  IS  set  to  mput.  the  state  of  the  pin  can  be 
read,  If  another  device  is  pulling  the  line  low,  this 
device  will  read  as  a  ‘O’  m  the  port  input  register 

Note  that  no  pull-up  resistor  is  shown  on  the  SCL 
line  In  mis  simple  case,  the  resistor  is  not  needed 
the  microcontroller  can  simply  leave  the  line  on 
output,  and  set  it  to  ’1'  or  ’0  as  appropriate  It  can  do 
this  because  the  ADSKXX)  never  drives  its  dock  Ime 
low  Tint  technique  can  alto  be  used  with  multiple 
devx»t  and  has  the  advantage  of  lower  current 
consumption  resukmg  from  the  absence  of  a  lesistive 
puM-up 

If  there  are  any  devices  on  the  bus  that  may  dnve 
their  dock  lines  low,  the  above  method  should  not  be 
used,  the  SCL  Ime  should  be  nigh-Z  or  zero  and  a 
pull-up  resistor  provided  as  usual  Note  also  that  this 
cannot  be  done  on  the  SOA  Ime  in  any  case, 
because  the  AOSICXX)  does  dnve  the  SDA  line  low 
from  time  to  time,  as  all  I^C  devices  do 

Some  microcontrollers  have  seledable  strong  pull-up 
circuits  built  into  the  GPIO  ports  In  some  cases, 
these  can  be  svrilohed  on  and  used  in  place  of  an 
external  pull-up  resistor.  Weak  pull-ups  aie  also 
provided  on  some  microcontrollers,  but  usually  these 
are  too  weak  for  l*C  communication  If  there  is  any 
doubt  about  the  matter  test  the  circuit  before 
committing  it  to  produdion 
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SINGLE -ENDED  INPUTS 

Although  the  ADS1000  has  a  fuMy  difTerential  Input,  it 
can  easily  measure  smgle-ended  signals  A  simple 
single-ended  connection  scheme  is  shown  m 
Figure  12  The  ADS1000  6  configured  for 
single-ended  measurement  Cy  grounding  either  of  its 
inpU  pins  usually  Vm-  and  applying  the  input  signal 
to  ViN.  Th«  siiigle-ended  signal  can  range  from 
-0  2V  to  Voo  -r  0  3V  The  ADS1000  loses  no  linearity 
anywhere  in  its  input  range  Negative  voltages  cannot 
be  applied  to  this  circuit  because  the  ADSIOCX}  inputs 
can  only  accept  positive  voltages 


Figure  12.  Measuring  Single-Ended  Inputs 


The  ADSIOOO  input  range  is  bipolar  differential  with 
respect  to  the  reference,  that  is.  Voo  The 
single-ended  circuit  shown  in  Figure  12  covers  only 
half  the  ADSICXX)  input  scale  because  it  does  not 
produce  dillererSially  negative  inputs;  therefore,  one 
bit  of  resolution  is  lost  The  CIRV134  balanced  line 
driver  can  be  employed  to  regain  this  bit  for 
single-ended  signals 

Negative  input  voltages  must  be  level-shifted  A  good 
candidate  for  this  function  is  the  THS4130  differential 


amptifier.  which  can  output  fully  differential  signals 
This  device  can  also  help  recover  the  lost  bit  noted 
previously  for  single-ended  positive  signals 
Level-shifting  can  also  be  performed  usmg  the 
DRV134 

LOW-SIDE  CURRENT  MONITOR 

Figure  13  shows  a  areuit  for  a  low-side  shunt-type 
current  monitor  The  circuit  reads  the  voltage  across 
a  shunt  resistor,  which  is  sized  as  small  as  possible 
while  still  giving  a  readable  output  voltage  This 
voltage  is  amplified  by  an  OPA335  low-drift  op-amp. 
and  the  result  is  read  by  the  ADSIOOO 


Figure  13.  Low-Side  Current  Measurement 


tt  IS  recommended  that  the  ADSIOOO  be  operated  at 
a  gam  of  8  The  gam  of  the  OPA335  can  then  be  set 
lower  For  a  gain  of  8.  the  op  amp  should  be 
configured  to  give  a  maximum  output  voltage  of  no 
greater  than  0  75V  If  the  short  resistor  is  sized  to 
provide  a  maximum  voltage  drop  of  50mV  at 
full-scale  current,  the  full-scale  input  to  the  ADSIOOO 
IS  063V 
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ADDITIONAL  RECOMMENDATIONS 

The  AOS1000  is  fabricated  in  a  smail-geomeiry 
tow-voltage  process  The  analog  inputs  feature 
protection  diodes  to  the  supply  rails  However  the 
current-handling  ability  of  these  diodes  is  limited,  and 
the  ADS1CXX)  can  be  permanently  damaged  by 
analog  input  voltages  that  remain  more  than 
approximately  300mV  beyond  the  rails  for  extended 
perxjds  One  way  to  protect  against  overvoltage  is  to 
place  current-limiting  resistors  on  the  input  lines  The 
AOS1000  analog  inputs  can  withstand  momentary 
currents  of  as  large  as  10mA 

The  previous  paragraph  does  not  apply  to  the 
ports,  which  can  both  be  driven  to  6V  regardless  of 
the  supply 

II  the  ADS1000  IS  driven  by  an  op  amp  with  high 
voltage  supplies,  such  as  ±12V,  protection  should  be 
provided,  even  if  the  op  amp  is  configured  so  that  it 
win  not  output  out-of-range  voltages  Many  op  amps 
seek  to  one  of  the  supply  rails  immediately  when 
power  IS  applied  usually  before  the  input  has 
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stabMized.  this  momentary  spke  can  damage  the 
ADS1000  Sometimes  this  damage  is  incremental 
arxl  results  in  stow,  long-term  failure — whxrh  can  be 
distastrous  for  permanently  installed.  low- 
maintenance  systeiTK 

If  using  an  op  amp  or  other  front-erxl  circuitry  with  the 
ADS1000.  be  sure  to  take  the  performance 
characteristics  of  this  circuitry  into  account  a  chain  is 
only  as  strong  as  its  weakest  link 

Any  data  converter  is  only  as  good  as  its  reference. 
For  the  ADS1000.  the  reference  is  the  power  supply, 
and  the  power  supply  must  be  clean  enough  to 
achieve  the  desired  performance  If  a  power-supply 
filter  capacitor  is  used,  if  should  be  placed  close  to 
the  VoD  pin.  with  no  vias  placed  between  the 
capaator  and  the  pin  The  trace  leading  to  the  pin 
should  be  as  wide  as  possible,  even  if  It  must  be 
necked  down  at  the  device 
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MECHANICAL  DATA 


DBV  (R-PDS0-G6)  PLASTIC  SMALL-OUTLINE  PACKAGE 


NOTES:  A.  All  linear  dimensions  are  in  millimeters. 

6.  This  drawing  is  subject  to  chonge  without  notice. 

C.  Body  dimensions  do  not  include  mold  flash  or  protrusion.  Mold  flash  and  protrusion  shall  not  exceed  0.15  per  side. 

D.  Leads  1,2,3  may  be  wider  than  leads  4,5,6  for  package  orientation. 

^  Falls  within  JEDEC  MO-178  Variation  AB,  except  minimum  lead  width. 
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LAND  PATTERN  DATA 


DBV  (R-PDS0-G6)  PLASTIC  SMALL  OUTLINE 


NOTES:  A.  All  linear  dimensions  are  in  millimeters. 

G.  This  drawing  is  subject  to  change  without  notice. 

C.  Customers  should  place  a  note  on  the  circuit  boord  fabrication  drawing  not  to  alter  the  center  solder  mask  defined  pad. 

D.  Publication  IPC-7351  is  recommended  for  alternate  designs. 

E.  Laser  cutting  apertures  with  trapezoidal  walls  and  also  rounding  corners  will  offer  better  paste  release.  Customers  should 
contact  their  board  assembly  site  for  stencil  design  recommendations.  Example  stencil  design  based  on  a  50%  volumetric 
metal  load  solder  paste.  Refer  to  IPC-7525  for  other  stencil  recommendations. 
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IMPORTANT  NOTICE 


t«t«s  Instruments  (nccrporaledind  45  subsi<»8nes<TI)  reserve  tttengTYMo  make  eorrecftorts  enhancements  improvements  ertd  oinet 
changes  to  as  sarmconducter  products  and  services  per  JES046  laiey  issue,  and  to  disccntmut  any  product  or  service  per  JESD46.  latest 
Issue  Buyers  should  obtain  the  latest  relevant  informehon  before  placing  orders  and  should  varUy  that  such  mformabon  Is  current  and 
complete  A*  semiconductor  products  (also  refened  lohereti  as  'components')  arc  sold  suOiect  to  Ti  s  farms  and  condKions  of  sale 
suppled  at  the  time  of  order  ecknewledgmeni 

T1  werrants  performance  of  its  components  to  the  specHtcabans  applicable  at  the  time  of  sale  In  eccordence  with  the  warranty  in  Tl's  terms 
and  condtions  of  sale  of  semtccnductor  products  Testing  and  other  quality  control  techniques  era  used  to  the  extent  Tl  daerns  necessary 
to  tuppon  this  warranty  Except  where  mandated  by  apptieable  law  testing  of  ail  paiemeters  of  each  component  is  net  necessarily 
performed 

Tl  assumes  no  liabliiry  for  appbeanons  assistance  or  the  design  of  Buyers  products  Buyers  are  responstbte  for  thair  products  and 
appHcatlons  using  71  components  To  minimue  the  risks  assooalad  with  Buyers'  products  and  applcations.  Buyers  should  provide 
adaqualt  design  and  operating  safeguards 

Tl  does  not  wafrant  or  reprasant  that  any  license,  either  express  or  implied,  is  granted  under  any  patent  right,  copyright,  mask  work  nghl.  or 
othei  intellectual  property  right  relating  to  any  combination,  machine,  or  process  m  which  Tl  components  or  services  are  used  Infonriation 
published  by  Tl  regarding  third-party  products  or  services  does  not  consiiiutt  a  license  to  use  tuen  products  or  services  or  a  warranty  or 
•ndorsamenl  thereof  Use  of  such  information  may  require  e  license  from  •  third  party  undar  the  patents  or  other  intelleclual  property  of  the 
third  party,  or  a  license  from  Tl  under  the  patents  or  other  inleUectual  property  of  Tl 

Reproduction  c4  sigoiflcanl  porticns  of  Tl  information  m  Tl  data  books  or  data  sheets  is  parmiss ibla  only  if  reproduction  Is  without  alteration 
end  Is  accompanied  by  ell  essocialed  wan»ities  conditions,  limitallons.  and  notices  Tl  is  not  responsible  or  liable  for  such  altered 
documentation  information  of  third  parties  may  be  subject  to  addrtionai  restnctions 

Resale  of  Tl  components  or  services  with  statements  difterenl  from  or  beyond  the  parameters  stated  by  Tl  for  that  component  or  service 
voids  all  express  and  any  ImpNed  warranties  for  the  associated  71  component  or  sar^ct  and  is  an  unfair  and  deceptive  business  practice 
Tl  IS  not  re^KWstble  or  Mabic  for  any  such  statements 

Buyw  acknowledges  and  agrees  that  I  is  solely  responsfole  for  compuance  with  ati  legal  tagulaiory  and  safety-vtiMad  requirements 
concerning  its  products,  and  any  use  of  Tl  components  In  its  appUcations  netwilhstandmg  any  applicationvralated  information  or  support 
that  may  be  provided  by  Ti  Bu^  represents  and  agrees  ^at  a  has  al  the  necessary  expertise  (q  create  and  impttmenl  safeguards  which 
anticipate  dangerous  consequences  of  foHures.  momlor  fadures  and  then  consequences  lessen  the  kkalihood  of  fadures  that  might  cause 
harm  and  take  appropriale  remeifrai  actons  Buyer  wiM  friHy  indemmfy  Tl  acKl  its  representMivas  agamst  any  oamages  ansmg  out  of  the  use 
of  any  71  components  In  safety-cndcal  applications 

In  some  cases,  Tl  components  may  be  i^omoted  speafrealy  to  (acanate  safofy-related  appMcationi  Mkh  such  components.  Tl's  goal  is  to 
help  anabta  customers  to  oes^n  and  aeate  ihew  oen  eno-producl  sefubons  that  meet  appkcabft  fonctionai  safety  standards  and 
raquiremanis  Nonetheless,  such  components  are  subjeol  to  these  terms 

No  Tl  components  are  autfionzed  for  use  ei  FCUk  Class  III  for  smvlar  wfe-cnbeai  medical  egMpmani)  unless  authoneed  officers  of  the  pomes 
have  executed  a  spaaai  agreement  soecrticaay  govematg  such  use 

Only  those  71  comporwits  which  Tl  has  specitcafy  desolated  as  miMary  (pada  or  'enhanced  plastic'  are  designed  and  mtenned  for  use  in 
mMaryfoarospace  apphcations  or  environments.  Buyer  acknowfedges  and  agrees  that  any  mMl^  or  aerospaea  use  of  Tl  eompor>enfs 
which  have  r»ot  been  so  designated  a  solely  at  the  Buyef*s  nsfc.  and  that  Buyer  is  solaiy  responsiMa  for  compuance  with  an  lef^l  and 
regulatory  requirements  in  connection  with  such  use 


Tl  has  speokcaMy  dest^naled  certam  components  as  meeting  I90AS1694B  reqmremonts  mainly  for  automotive  use  In  any  case  of  use  of 
non-oesKytaied  products.  Tl  wd  nof  be  responsible  for  any  failure  to  meet  ISO/TSI  6$49 
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